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PIRESTIDENT’S 


MESSAGE 


Organization and Operation 


of the AILE 


By E. L. Slagle 


President, tmerican Institute of Industrial Engineers, Inc. 


Since vour miterest in, and understanding of, the Ameri- 
ean Institute of Industrial Engineers provides the very 
foundation upon whieh our organization grows in stature 
ri strength. beheve threat it deseription of the opera- 
tions of the AIL would be beneficial. What follows will 
beet weeny the desire te prey de vou with 
a vers comprehensive picture of our organization and the 
desire to keep the message reasonably short 

Our orgarmzation (shown on the chart ) 
Is, some respects, comparable to that of a large corpora- 
thon. National Convention has certam aspects which 
compared with an meeting of stock- 
holders. Qur Board of Trustees funetions lke a Board 
of Directors. Our Executive Committee and the national 
offieers pertorm ma manner similar to executive commut- 
and ofheers i 

There are. of course, some differences. The offices, 
except tor the Executive Seeretarv and Assistant Execu- 
tive Secretary, are elective the ALTE. (hur 
kxvecutive Secretarv serves, to some degree, hke an ad- 
ministrative viee president, Another important difference 
aur breakdown mto with each regional 
group bemg represented on the Board of Trustees by a 
Regional Viee President and represented at the National 
Conventoon bv delegates, the Regional Viee President, 
“arid hapter representatives 

Phe committees are a and staff arrangement. 
Some of these committees de elop and recommend 


polioes. Other commuttees and positions are responsble 


for implementing policies, procedures, and actions, as 
directed by the President. 


National Convention 


First, let us review the part which the National Con- 
vention plays in the operation of our organization. The 
constitution requires that a National Convention be held 
once each year at a time and place designated by the 
Board of Trustees. You may be mmterested in knowing 
that local chapters desiring to host the National Conven- 
ton must submit an invitation pror to thirty days before 
the annual convention. To provide suffierent time for the 
chapters to orgamze and develop this national meeting, 
the selection of the convention site is made by the Board 
of Trustees two vears in advance 

The National Convention is the legislative lbexly of 
the AITE, and the voting members of the convention 
consist of the national officers, the semor chapter dele- 
gates, and the delegates-at-large from each region 

Kach senior chapter is permitted one voting delegate 
selected by the chapter. Delegates-at-large are appoimted 
by the Regional Viee Presidents m the number of one 
delegate-at-large per 100} members, or fraction thereof, um 
the region. All delegates serve for a one year period and 
must be reported to the kxecu‘ive Seeretary no less than 
30 days before the first dav of the National Convention 

The constitution specifcs that the President and the 
Regional Viee Presidoois shall present an annual report 
of the past vear’s activities at the convention. It should 
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be reotedd that the that each senor 
chapter president tise tuake evVatlable a con 
the activities of chapter Such reports are sinmanzed 
aimed presented bey the ite al Vine Presidents» 

the rewiiiar theeting «of the National Convention. 
Which normaivy convenes on a Saturday 
lollowing our tational conference, the various annus 
reports are and the more probletus 
that Board ot [rustees at dd officers 
thear teest insight mito the thinking amd desires of the 
personal contacts, and although there is much corre 
spondence dunnog the veur, the Nations! C 
provides an excellent source of isa minding 


for proposed actions of the national organization 


i 
i i 
Toe ome 
nce 
a 
4 
"ter 
oor 


\mendments to the constitution become effective with 
athrmative Vote «afl three-tourths~ of the delegates 
hese amendments must be proposed by written petition 
acted however, i copy thy 
propane amendment is sent to each regular member ty 
the Executive Seeretarv at least sixtv davs before the 
National ‘Thos period ot vllows leur 
proper consideration by the regions and chapters and for 
proper tmstrictpon aol the delegates It as of extreme im 
portance that vou remember to instruct vour delegates 
properly ated that delegates will faith 
lully carry out the instructions of the appointing au 
themtyv (a chapter or i Regional! Vice President the 
past, itl considered and 


comtly delavs have ocensioned bey he lewnutes present. 


a 
* 
ower, 
ee 
se 
te 
ten 


ing one point of view, although there was already in the 
national hle a recent contradictory point of view expressed 
by the individual or body appointing the delegate in 
question. 

Special meetings of the National Convention may be 
called by a majority vote of the Board of Trustees when- 
ever such action must be taken im the best interests of 


the 


Board of Trustees. 


The constitution provides that the Board of Trustees 
shall exercise the powers of the National Convention m 
the mtenm bhetween COnVETILIONS, subject to such restric- 
tions as may be imposed by the provisions of the constitu- 
tien Phe members ot this board are: the President, the 
Executive See retary, the Assistant Executive Secretary, 
Board Nenibers-at Large, and the Vice Presi- 
dents. The bylaws provide that the Board shall meet at 
least Per uetual practice the Board 
in Oetober and at the time of the National Convention. 

The Board of riistees is empowered the 
thon to assign additional duties to the national ofhvwers: to 
charge national dues; to piss, repeal, or modity bvlaws 
pertaining to matters not expressl\ specntied the 
stitution; to speciv regions and the number of Vice 
Presidents; to grant charters to new chapters; to approve 
or disapprove amendments to chapter constitutions and 
changes to haptes by laws, and to delegate responsibilities 
and duties to the Executive Committee. The Board of 
‘Trustees has as its chairman the President of the AILE 


bveccutive Committee 

The President, the Executive Secretary, the Assistant 
“Secretary. the ‘Treasurer, and the immedate 
ommuttee 

chutpes the kxecutive Committee are 
those delegated by the Board of Trustees. Meetings are 
normally held once a month at Columbus, Ohio, to review 
prot ems Which have during the ronth. te press 
hecessarvy guidanee to the President, and to prepare 
recommendations with regard te changes 


Dbviaws for action bw the Board of Trustees 


National Oflieer- 

Phe national offieers of the ATTE are the Presplent. 
retary. \«- ~Trarit executive Secretary 
‘Treastrer Board Men leer it the View Pres; 
t= Tren ¢ ToT officers in lor one 
Veur tertins, except to the nt Large whe 
tor Veurs to pro’ ‘le grenter of ex- 
te tucilitate the transfer of current business 
from the retina to thy siate of oftheers. The 
ol bnecutive secretary and Assistant bxecutive 
ire filledd tes bw the Hoard of 
ristees tellows and semor members are eligible 


National elections are held once each vear, normally 
during the month of March. The entire membership 
participates in the voting for the positions of President, 
Board Members-at-Large, and Treasurer. Vice Presidents, 
of course, are elected by the vote of only the members of 
the region which they serve. A nominating committee, 
comprising the Regional Vice Presidents, prepares a 
slate of nominees for the positions of President, Treasurer, 
and Board Members-at-Large. This slate of officers is 
forwarded to the Executive Secretary in February. 
Similarly, regional nominating committees, comprising 
the Regional Vice President, the chapter Presidents, and 
the Delegates-at-Large, prepare a nominating slate 
covering the position of Vice President of the region con- 
cerned. The nominating ballots are reviewed at the na- 
tiers! headquarters by the Executive Secretary and a 
Teller’s Committee appointed by the President. Following 
this review, the national ballot is prepared and mailed to 
the membership. 

In addition to serving as Chairman of the Board of 
Trustees and the Executive Committee, the President 
takes the necessary action to implement the decisions 
and of these governing groups, appomits commit 
tees amd defines the funetions thereat, areal, gel eral, 
directs the operation of the organization within the 

The Treasurer prepares monthly cost statements, 
providing the Executive Committee with the necessary 
information with regard to income and expenses, and 
makes the necessary comparison statements of actuals 
against budgets. In addition to this, the Treasurer is re- 
quired by the constitution to prepare and to present at 
the National Convention an up-to-date financial state- 
nent covering the period of his term of office and to re 
port permxhiecally to the Board of Trustees the finaner! 
condition of the organization 

It is the responsibility of the Executive Seeretary and 
the Assistant Executive Secretary to operate the national 
headquarters on a day-to-day basis. The volume of work 
myolved routing mquines to the proper committees, 
answermg letters, and preparing reports has grown to 
such a pout that it os necessary to muaintam at the na 
tronmal headquarters in Columbus a full-tume business 
and full-tome stenographie help. This 
office force assists the Executive Seeretary in the dis 
charge of his duties 

Tam frequently asked questions with regard to financial! 
assistance to the national officers by the LITE All officers 
wrve without selary. At this time, it is not the poliey of 
(Mir pay for travel and other Perises meurred 
by the netronal officers in connection with attendance 
at the Natponal (‘onventron, Board of ‘Trustees 
kxecutive Committee meetings, committee meetings, and 
«of other professional arc national groupes at 
Which we have representation. There have been a very 
lew situations in Which some portion of the expenses of a 


national offeer have been borne by the national treasury 


‘ 


Other National Officer-~ 


The national officers of the AILTE who direct and repre 


sent the regions are the six Regional Vice Presidents. The 


“IX ware the Northeastern, Southeastern, entral, 
Midwestern, Southwestern, and Western 

‘The constitutpon that the View Presidents shall 
supervise the chapters in their respective regions and 
shall nrrange ler regional conferences is cle i! thy 
bylaws. Kach Vice President is also required to follow 
thee of the chapters his and prepare 
report lor presentation af the National Con 
vetition 

The Vice Presidents Cooperate with 
tional on thei respective regiots, ehcourage 
chapter arrange to i members ul urge 
to rewronal conferences delegutes-at-large tor the 

coordimeting aetivitves they respective 
oan pre ving representation their loecu! hapters 


cared ther ual the the Board of Trustees 


Committecs 


os technical, and speci! Certam 
of these commuttees are also cle swhated is ~tancding 
ittees by the constitution or bvlaws because of ther 
Ta thy 

Committees other than the standing committees 
ber oa motion and ote of the 
rship at the Natronal Conventron, the vote of 
the Board of Trustees. or bv the Executive Committee 
CGmmittees mav also be muitiated by the President 

(‘ommmuttee chairmen are appointed the President 
nna shall rform stich duties iis him 
To tha possible, of the President compstults 
with other national officers pnor to the appointment of a 


national committee chairman. The term of the apoprernnt 


ment mw normally one vear. Committee members, unlike 
ten] off cers, Tay. and frequently do weryve Tow 
of the same commuttee 

Committees may be established to perform: specie 
tusks related to the finetionmg ofl the orgunization, or to 
mvestigate ans subject within the scape cal the areas of 
mterest of the Institute and the protession commiut- 
tee is expected to prepare an annual report of its aetivi 
ties, All committee reports and become the 
property ol the Tnstitute 

Because -of the large number of committees it has be- 
comme necessary to coordinate conmmuttee ae tivitV order 
te provide stafl assistance to the President im directing 
the activities of the commuttees, and also to provide the 
committees with a greater degree of stabilitv during the 
period when the newly elected officers and newly ap- 
pointed committee members are getting their feet on the 


ground. The Board of Trustees. therefore. voted at their 
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May 1, 1955, meeting to empower the President to ap 
point, subject to Kxecutive Committee approval, 
ber of directors to coordinate and administer certaim 
funetions for the President. The term of ol 
a director is one veur. (hetober, of each 
Since the term of appennitioent overlaps that of the regular 
term of offieers, greater organizational stalulitv is) pro- 
vided the present tite, we have such directors 

The Director of Programs eoordinates all activities 
relatedl te the formation of During the Piast 
vear, the chief objective ot our Direetor of Programs Was 
the development of a manual for use by the chapter 
Program Committee chairmen This muntinl 
conmcerting such matters us: the 
Progra, speukers, omirtesios to speakers 
stitute speakers, topic listings, and available speakers 

The Director Chapter expansion is responsible lor 
the coordination of all aetivitres mm comnmectron with the 
formation of new chapters. During the past vear a manual 
‘How to Start a Chapter of the ALTE” was developed 
‘This Is proving tor of materia! it the 
formation of new chapters 

The Director of Student (Chapters Is resportsible lor: 

bostering the establishment ot new <tudent chapters, 

Kneouraging the growth of exerting chapters 

the relationship between student chapters 
and senor chapters; 

Prov pmeentives tor students to develop nu true 
and other chapter activities; 

+. Coordinating actions designed to encourage students 

ty. Obtaming the maximum conversion of student 
bers to members following graduation 

lhe Director Membership Is sible for dle 
veloping to nerense the membership yrowth 
rate. This director must work closely with the Member 
ship Qualifications Committee if is thet the «ce<ire 
of the Institute Te Wav vert 
ship standards... Through the activities of vour own 
chapter membership committee, [Tam sture that vou are 
“all acquainted with the national efforts im this chreetion 
This vear, we are publishing a manual “Tow to Tnsture 
Membership Growth” 

It is the funetroon of our Direetor of Publi Relations to 
coordinate all work related te the furtherance 
of public knowledge, and acceptance, of industrial 
neering. We must not fail to recognize that 
engineering is one ol the neWest perhaps, least 
branches of engineering (Consequently, it is 
understood. A comprehensive study of the problem has 
eompleted. 

Qur Dhrector of International Relations t- responsible 
for developing and maimtaming working relationship 
with industnal engineers and professional engineermg and 


management groups in other countries 


N ove lhe ember. 1965 


hur Director of National Meetings has the responsi- 
nity of developing policy and procedure regulating all 
national meetings. Phe number of such meetings is in- 
ereasing every Vvear It follows that some pohev control is 
required to avoid the failures which would result from 
lack of expenence, scheduling conflicts, programs not in 
he pritige with the interests of the [ustitute, and failure of 
the national organization to provide the means whereby 
the knowledge gained by one group tmiav be passed on to 
another 

The Director of | unetional Committees coordinates the 
Work ¢ rghit national committees 

|. The Membership Qualifications Committee reviews 
and Verifies all data contained im submitted applications 
and comers or withholds membership. Findings of the 
(Committee are subject to review by the Board of Trus- 
tees. Because of its importance in upholding the standards 
of membership in the Institute, this committee has been 
designated us i standing committee im the bvlaws (iver 
1) applications are processed nearly every month by this 
group. | beheve that vou will agree that each application 
should be given a very thorough inspection in all fairness 
to the member and to the Institute. The national head- 
quarters office receives many complaints with regard to 
the delay in processing applications. The Membership 
Qualifications Committee invites constructive suggestions 
to eliminate the problem, and has recommended that 
the complainants be appomted to serve on the committee. 

~. A Constitution Committee prepares changes to the 
constitution and bvlaws iis recommended by the Presi- 
dent, the Board of Trustees, the National Convention, or 
by petition of ten or more regular members of the In- 
stitute. Independent studies are conducted for the purpose 
of tnamtarming the constitution and bylaws in such form 
as to best serve the Institute im the attainment of its 
objectives, protecting the mghts and interests of the 
members, and providing the officers with proper powers 
and procedures to expeditiously conduct the affairs of 
thy 

The Committee, another standing corm- 
collects and disseminates mformation for use by 
sal 7 cot needy’ rested iti the educa- 
hhonal opportunitves in the field of industrial engineering. 
The commuttee reviews problems having their origin in 
college and university curneuls 

lhe Protessiona! Registration ( ommittee actively 
enoemurages industrial engineers to register. The com- 
Inittee assists members of the organization with regard 
te rewistratio ms and assists chapters attempting 
to effect char ves State registration laws. cob ive 
of this committee is the attamment of reeognition of the 
neermg Registration 

> Lhe Convention Committee 1s responsible for «all 
conte renee and comventpon 


ments and assists engineering schools and colleges de- 
srg help in development of mdustrial engineering 
programs of study for graduate and undergraduate. 

7. The Resolutions and Awards Committee is responsi- 
ble for encouraging activity by both individuals and 
chapters. This committee recommends recognition and 
other awards. A formalized program designed to meet 
the objectives of this committee is being developed 

S. The History Committee, through review of the 
records of the ALLE, is developing a history of our or- 
ganization. Onee the history is recorded to a current date, 
future activities of the committee will be to mamta 
this information on a current basis. 

The Director of Research ts responsible for coordinating 
the activities of the various research committees. These 
committees are: Bibhography, Terminology, Material 
Handling, New and | niistal, Work Meastirement, Pre 
duction Control, Statistical Qualitv, Industrie! Sefety, 
engineering Economy, and Small Business. It is the ob 
jective of this to foster and encalirage research 
the field of industrial engimeering. It is not the objective 


* of thos group to engage in research 


Other committees have been appomted for special 

The Committee on Professional Relations was estab 
lished to work with other professional KrouUps ane explore 
the posubilities of affiliation with these groups. The work 
of this committee has resulted in our gaining associate 
membership for the AILE on the Engineers’ Jomt Couneil 
This was the first step im the direction of aligning the 
industrial engineer with his colleagues in other branches 
of the ever-widening field of engineering. Currently, dix 
cussions are being held with the Engimeers’ Couneil for 
Professional Development. It is the official position of 
the AILk that we should share the burden of accrediting 
eurneula related to the field of industrial engineering 
The k.C PLD. has accepted this point of view and we 
currently have 24 top-ranking industnal engineers on the 
PLD. acerediting team. In addition to this, the AITE 
has been invited to work on an k.C.P.D. committee de 
signed to develop the industnmal engineer during the first 
five vears following graduation 

The Committee on Organization develops and maim 
tains job descriptions for all officers and national com 
mittee chairmen. This committee also has the Fe 
bility lor the organization chart and manual, and makes 
recommendations to the President with regard to changes 
in the organization and job duties 

The Committee on Publeatrons Coordination ard 
Plans is responsible for poliey and procedure pertaining 
to all publeations of our organization 

| hope that this bref review of the organization and 
Operation of will be of assistance and provide 
vou with at least some of the vital background informa- 
thom required for intellygent commderation of the various 


problems and actions of our Tnstitute 


Performance Sampling in Work 


Measurement 


By Ralph M. Barnes and Robert B. Andrews 


niveraity of f alifornia, Lam len 


In 1935 L. H.C. Tippett described a statistical method 
which he had developed in the English textile industry to 
Morrow 


(18) was one of the first people in this country to use 


measure operator and machine delays (26 


‘Tippett methods and this technique has come to be 
known as the Ratio-Delay method 

In 140 we started our statistical studies of work mens 
uretnent, and a ol some of nit findings Wits pul 
lished in 1950. That report (11) presented evidence as to 
the reliability, validity, and practicalnlitv of the ratio 
delav method as applied manufacturing Operations if 
this country. Over the vears the ratio-delay method bias 
mie time, and articles have 
published desenbing appleations of this technique 

From the outset we beheved that sampling could be 
used to measure work and some people have used sampling 
lor this purpose. However, it appears that few studies 
have been made ot the ivpe of statistical distribution which 
is representative of pertormance levels of manually paced 
operations, nor has a specific statistical technique been 
developed the Appropriate distribution and 
Which os to work measurement. This report 
contains the results of several studies of ours pertaining 
to performance sampling for work measurement, including 
ol periormance samplog and time study iis 
a measuring mdustnal operations 
' In this report we are using work sampling as the broad 
t@rm which meludes results obtained from performance 
sampling and also from the application of the ratio-~<delay 
method. Performance surmpling is the name we have given 
to the sampling procedure tor obtaming the average per 
formance index of the operator's productive activities 
during the working day Whereas ratio delay is the name 
of the sampling method used to determine the part of the 
work day (number of minutes) during which the operator 
is working productively and the part of the dav during 
Which he is idle. Ratio-delay studies also make it possible 
to obtain a breakdown of the reasons for the delays or 


idle 


(‘onclusions 


Qur studies seem to indicate that work sampling will 
give time standards for repetitive standardized manual! 
tasks which are substantially the same as standards ob 
tained by time study. Moreover, sampling measurements 
can be made with a pre-assigned reliabilitv. Even in a 
plant where methods are not standardized and where job 


descriptions are nonexistent «a performance index by 
operator or by department can be obtained by work 
sampling. Such data would show the standard hours of 
productive work, average performance index, idle time and 
delays, and a breakdown of the various reasons for’ the 
nonproductive time. 

We believe that work sampling provides a valuable tool 
for measuring work, and that this simple inexpensive 
method will find wide use in many areas where manual 
work is performed. 
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Objective 


This project was undertaken to develop a sampling 
technique which would provide an accurate and economi- 
cal method of determining, with a pre-assigned reliability, 
the performance level of labor activities. The technique 
Was to be applicable to any well defined physical task. 


Scope of the Investigation 


The study of the applicability of statistical sampling 
methods to work meéasurement was divided into three 
phases: 

|. The investigation of the type of statistical distribution 
which is representative of performance levels of manually 
paced Operations 
2. the development ol a specie statistical technique 
based Lipor the appropriate distribution and applicable to 
work measurement 

3. The testing of the validity of the proposed statistical 
method by studies actually carned on in or- 
Zanizations. 


Phase | 


An mn estigation Was made to determine the nature of 


Analysi« of the Statistical Distribution 


the distribution \“ hich Wiis representatty eat performance 
indices. The procedure emploved was to obtain actual data 


from the random observation of workers’ performance 
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levels over a pentod of time. The necessary data were ob- 
tained through the cooperation of two manufacturing 
organizations. In both instances the operations examined 
were completely manually controlled by the operators. A 
total of over SOOO random observations were taken. 

The next step was the analysis of the data to determine 
what generalizations could be made about the theoretical 
parent populations. The hypotheses that the populations 
were normally distributed were tested. The Chi-squared 
Test used to test these hypotheses resulted in a strong 
reyection of the hypothesis of mormality for both sets of 
data. The probabrlits that the saniple data of either com- 
pany was drawn from a normally distributed population 
Wats less than 10.000 

With the rejection of the hv potheses ot normality, it 
was decided that no generalizations would be made about 
the distribution of performance mdices. A complete report 


of this phase of the study has been published (4) 


Phase 2 Statistical Theors Applicable to Per- 


formance Sampling 

Because of the results obtained in Phase 1, non-para- 
metre statusticeal methods, which require ho assumptions 
about the form of the distmbution, were used to derive the 
relationships apploable to periormance sampling. The 


eqiiation governing sampling of work 


determined ter thus eqpuatior lin 1S the 


ee 
of observations of levels ith thie 
ple, a is the standard deviation of the performance level 
population, dis the difference between the population mean 
and is the level of significance. The 
complete derivation of this baste relationship has been 

[hus equation permits one to determine the sumple 
size required to give a dypsired maximum difference between 
the ind the mean for any specified 
level of sigmificance. The solution of the eqpuation to find 
an approdimate sample size reqffires enough of a know ledge 
thee estimate its standard deviation. 
Tehebvehet?'< permits the determination of 
the extent to which the mean and standard deviation 
charactertzze the distribution when the mathematical form 
of the funetion im mot Known This theorem 
<tutes that less than | 4° of the area of the distmbution 
curve hes tarther trom the population mean than ke. 

of performance index distributions 
ente that. tor roost and operators, the popula- 
thon stardard deviation ustally does not exceed it value of 
Appivi 


to te pak it standard 


g and the 
deviation of will result a distribution which ap- 
pro imately / | (39°) of the indices 
full within the three standard deviation range about the 
cor feet and | these assumptions 


the mumber of observations reqnured to determine the 


s 
~ 
° ' 200 300 400 
POPULATION vamiance o* 
| 
Fic. 1. Solutions of the Equation a, O86 


a’ 


average productive level to within +5 units and with 0.95 
confidence would be, 
f 
bigure | presents graphically the relationship between 
sample size and population variance for the 0.05 level of 
significance and various desired maximum deviations be- 
tween sample and population means 
The sufficiency of a sample, whose size has been based 
upon an estimate of a, should be tested. This can be done 
by comparing the upper confidence limit of the population 
standard deviation with its assumed value. If the upper 
confidence limit ts less than the estimated value, the sample 
size Was adequate for the desired accuracy and statistical 
confidence. If, however, it is greater than assumed, addi- 
tional sampling is required. This process of sampling and 
comparison must be repeated until the upper confidence 


linut i less than the assumed population standard devi- 
vee ca 
ation. The upper confidence limit is given by s + 
where a and n, have the same definitions as given above, 


sis the sample standard deviation and ¢ [ +. | | 


3 im this equation is the relative kurtosis as given by 
r, o', the ratio between the fourth moment about. the 
mean and the variance squared. The development of the 
equation for the upper control limit i also given in the 
Appendix. 

substituting «, the sample estimate of for ¢, and 


solving for d, the form d is obtained. In this 


V 
form, the reliability ol a sample estimate of the population 
mean can be found. It also permits the determination ot 
the | a confidence interval for the population mean. 
lf # ix the sample mean, the interval 7 + d will contain 


the population mean with a confidence coefficient of 1 — a. 


Phase 3) Test of the Validity of Work Measurement 
by Performance Sampling 


Procedure 


To validate performance sampling as a method of meas- 
uring work, it would be desirable to compare its results 
with other accepted methods of measuring work. Since 
time study is the most widely used method, performance 
sampling Was tested against time study. The procedure for 
evaluating the proposed technique Wits & COMMPUrist ot 
the normal time established by performance sampling, 
for each selected operation studied, with its corresponding 
normal time obtamed by time studs 

The necessary data were obtamed under actual tactory 
conditions through the Cooperation ol several rial 
organizations. The actual studies were made by exper 
enced industrial engineers of the cooperating firms. The 
which the companies were asked 
make Cotisists dot tour tian parts: 

selection of the operation te bee 

2 ‘The definition of the elements of the selected oper- 
ation which were to be measured and the establishment of 
a normal tome tor the defined operation 

3. Lhe taking of a random sample ot: 

ca. prom diye tive ippled to the mensured work 

elements 

The machine-controlled portion of the operation 

The unmenasured work 

d. The delays, personal, unavordable, and avoidable 

ation of additional necessarv mformation, 
melding 

a. Lhe actual total time spent by each operator it the 

expefnmental group during the penod of the study 

b The total number of units of work produced by each 

the expermental group during the 
period sot the 

The of the te Wiis 
upon certam definite requirements: 

1. The have had a standardized method 

2. The operators tmitist have been experienced m the 
particular and have been hollowing the pre 
seribed method 

3. An additional restriction Wis placed operations 
which were partially machine controlled. The machine- 
controlled portion have comstituted trom to So‘, 
of the total normal evele time. To attaim the desired ac- 
euracy with the desired statistical confidence, machine- 
controtied portions outside these limits would have re- 
quired prohibitry ely large 

Once the operation to be studied had been selected, it 


Was necessary to clearly define the elements to be included 
in the measured work category. In general, the eriterion 
used for making this decision was the frequency of oecur- 
rence of each element. Those elements which occurred at 
least once each cycle were measured. Less trequent ele- 


ments such as inspection, recording production conitits, 


lining trays, etce., were classified as unmeasured work 
Since only expenenced industrial engineers were utilized, 
the exact method of conducting the time study was left to 
the individual preference of the engineer. It was suggested 
that it be conducted according to the procedure regularly 
emploved in the particular plant. [It was considered es 
sential that the same engimeer make both the time study 
and the performance sampling study. This precaution 
eliminated one source of possible error differences be 
tween raters in their concept of normal periormianece 
Another possible source of error Was eliminated by 
restricting the validation procedure to only the measured 
portion of the total actual working time. Thus the « corenprarl 
son Was made between the normal times established by 
performance sampling and by time study. Allowances were 
not included in the time study and, except fof their use im 
ratio-delav analysis, personal, unavoidable and avoidable 
delavs were excluded from performance sampling. This 
made it necessary to surg that a suffickent number of 
observations were taken to permit ratio delay eercal ses Ta 
be made with the desired confidence The number of ob 
seTvations necessary to determine the percent of the total 
actual time spent on measured work, within the desired 
exceeded required for sampling. 
Henee, the ratiodelay requirement was the determining 
lactor in choosing the required sample \ sample 
between sample reliability and minimizing the demands 
upon the company. This sample size, with 055° confidence, 
resulted it absolute errors ol 2 ana ith the 
percent of actual time spent on measured work when the 
delays ana unmeasured work totalled and re 
spectively of the actual time 
Phe number of operators, mdividually measured and 
pertorning the selected beets, deter 
the number of sampling trips required DIVE’ 
The required sample size was based upon the assumption that 
the delav<s and unmeasured work would constitute 1) of the 
wtual The desired alolute error in the percent of actual 
ime spent on measured work, with 95°) confidence. was set a 
+2 4°). The <ample <ize neces<aryv te yield there result~ was 


termined from the = the 


messured “work inal the ibeolute umpling errear itt 
itm 
stittiting. = = Thy sample 


<ize was rounded off to observations. The abe«olute <ampling 


errors associated with total delavs and unmeasured work of Tf, 


umd JY) were determined substituting these values into the 


1 } 
ecpuntion ‘ = ] | } 


total of OOO observations. For example, if there were five 
operators, P20 120 (10) sampling trips would be 
required. Onee the number of trips had been established. 
the trip times themselves could be determined. The 
tnethod used to seleet the sampling tithes Was exceedingly 
stimations of sampling errors are dependent 
lead of the probabnlity with hich individual 
observations would be ineluded in a sample. By simple 


mil 


possible combinations ot observa- 
Thetis. mugiven size. will have equal 
tye a sele Trp tithes were randomized 
statistien! 

The procedure used in making the actual performance 
Wits tos Tollows: 

|. ODservations were made of each operator in the 
at the selected times 

=. At the instance that the observer viewed each oper- 
stor, the state of the raution Wiis noted 

© Ht the element observed was classified as measured 

Work, The operator was rated and his performance 

evel was recorded 
lt the operation Was in a delav or unmensured work 

<tute it so Was recorded 


| bi the Wiis supplied with 


Written procedural mistructions which included a table of 
scary u Performance sampling data sheets 
werTe cles 


Phe result. of the studies made are summarized in 
lable |. The tollowing guide to the ehart explains each 
Phe figures are those actually used in 
thee for the (Company A 
ot the Pable. For those interested m following 
through the eoleulations assecinted with perlormance 


anaivze the Company A Full Studwv ps given. \ suniple 


thy «lat of the \ Study is repre 


\~ a -tratron oof the results which would have heen 
it smaller <1ze samples had been taken, Table 


tides the resuits of amd 25° sub-samples of each 
of the observations of each studv. The 
“Vstetatic saropling plan for taking the sub-sample 
cotsisted al selecting at random emher | or 2 as the starting 
fred taking every observation thereafter ith 
thie ‘ order m whe hy observations were Origi- 

Ss uiviorthe 25°. stb-sample, every fourth 


Titvies V and normal time 
ohtaunwed trom time study tor each of the fourteen different 
ndustrial operations The average difference is 
With Variations of + 15.557 tor Study No 


20 
$5 
T 

id | 


‘si 


5 
} 
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NUMBER 


Pia. 2. Results of Full Studies 


Percent difference between normal time performance sam- 


pling and normal time -time study 


fir 
= 
a 


STUOY 
fexulit= of Percent Samples 
Pereent difference between normal tine periormance sam 


pling and fermal time time studs 


Vv 
z 
« 
| 
> 
z 
a 


STvOY 
Pie 4. Results of 25 Percent Sample 
Percent difference between normal time performance sampling 


normal tome time 


bigure 3 shows similar information for a sample size of 
O°. of that shown im bigure 2 In this case the average 
difference is 6.6° with a high of +14.6°% and a low of 

92°. Likewise, Figure 4 shows the results when the 
sample size equals to 25° of the original. In this case the 
average difference is 17.6° with a range of +15.0° and 

We have observed in actual practice that some people 
appear to get satisfactory results by using a considerably 
stnaller sample size than that recommended. Therefore, 
we have included a 50% and a 25% sample in order to 


compare results 


= 
Vv 
* 
| 


TAB 


Perfo Sar 


Katw Delay Analy« 

(erator 
(srouy 
be 


wF Sub “arn't ng 


Percent 
Percent Perv ent 
Absciute of total Absolut« Absolute 
meas 
samy ling otal lin sampling 
ire: 
at er 
inte nie ations rear 
wwe 


P 


Min Thieme 
7 ite 

rien! 


«jemi 


j far / ale j ple minutes were conn Thee 


employers of ¢ \ ww t bee 


f T (bine tie 


The total number of observations taken 


study. This tnceludes measured work te 


(‘oi geri va 4 ii 
thon which are included in the normal tine intmeasuresd 


Studies are numbered Ne tor each compan ie produe tive work which was not mmeluded in the @ortal tine 


mavotdalle delav- de! 
rample observations were taken d 
Operation 
In certain instance=< m: | Oper stor Was eng 1 reent «ol | \c tual iw 


pertorming the same operatic cases all operators were This represents the ratouoe of the measured work time ie... time 


mncluded in the experimental grou mluction of each opera during which elements of the operation which are mmeluded tn 
tor was individually tabulated case the operation normal time are being performed to the actual time. The quantits 


met is determined in accordance with conventional ratio delay pera 


one operator task i! 


For Compa were 10 emplovee tice. Thus, the percent of actual time spent on me sured Work 


dividually measured, pertorming operation selected fot determined by dividing the number of measured work obeervation 


(‘ol » Operation (‘olumn 21) bv the total number of observations oluml 
hie 
\ brief indication : | 
merited ‘olumr percent 


Kram ple Miechann al assem! (‘olumn 


ome 
Column & Total Actual Tinw 
menustred 


This is the total cumulative cis Tithe on the <elected werk 
operation bey the tal the covered 


the ud\ 
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ivi ij hee 
Performance Sampling Study 
Full study “F Sub sampling 
Absolute \isolute Percent Absolute Absolute Percent 
\ ‘ the ret Per tof ia Per 
ome: “ — form.» “=™pling Normal “ifference difference 
Nuon tirne he tween \urm error in time between between Num to 
wy rma normal ber of erform- (rom norma! normal | ber of ame 
perform: time—per- time—per-| mens ance index perform. time per time —per-| meas index 
< ‘ lam ured irom per ame formame formance | ured 
aork na sal ne work formance sampling amp ling sampling work per 
tree amd mee obser sampling un and nor and nor obser. | 
Nha The at minutes mai tume ma! tume vathone ante 
per unit “iy time stucty onidence per unit time study tume sturdy | — 
; 
19 Pn Col 19 Cal (19 Pu 
0 0420 oon we 91 ¢ Oo ow O24 7 1 
O48. "4 3 +23 0387 142 “42 
« p at contnience level by the number of measured 


bv 


terrace nt 


error i- 


tl‘ times the standard devia 
‘ample percentage. This re presents the range about the 
within which the population percentage can 
1) ane 


are the 0.975 


OFF fraetile values of the « umulative tie \ 


standard deviation of 
the peereent “me 
percent of actual time 
| ; ~pent on menasure<d 
Work 
p iheolute sumpling ef 
| reer iti 
total number of obs 
. 
an they reat cof ripe’ seork stor controlled” 
the measured work tome is determined 
= " ote t Pee ree ry? of mie sstired 
time whieh t= operator controlled estimated by dividing 


Nleasured work time controlled” 
which those clement« which are 


operator controlled, are bemg performed 


Sub sampling 


Absolute Absolute Percent 
sampling Norma! differen: lithe rens 
errer wm time between het ween 
perform from nerma! norma! 

ame index perform. me -per time per 
irom per ame formame 
forma e sampling sampling sampling 
sampling in and nor and nor 
at 9.” minutes mai time mal tome 
confideme ver wnit tume stucly tome study 
level (oli tol 
19 Col 10 
0 0 005 03 
6.2 242 0 OD) 
0 000% 2.6 
704 0 OW 
A 1 106 0 
. aa 0 40 
work observations (Column 21 


melded in the normal time 


that tome cursing 
and 


per stor eont revllee 


elements ire considered ter bee that of the teota! stron 


hieh eun influenced bey the employ e's «kill steed effort 


am ple 


folumna 10 through 13 


These eolumns are computed im the 


through & The only 


‘ol 


These columns are computed mn the «ame manner 


MF, 


te 


difference 


nna through 17 


that 


<@mpling of 


Where 


tiie sured 


p percent «of 
“work titne whieh 
operator controlled 

n « number of measured 
work operator con 
trolled observations 

* number menstred 


manner € 6 


the lata are 


the original complete 


( columns 6 


through The only difference that the higures are 
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*Vetematic «ul of the orginal complete 


Total t mt« Produced performance index which will include the population mean pet 
fort ait «of lia) lithe 


or computing this quantity t= give 


in the long run. The equation 


folumn 18 
ti hey 


‘| he actual total 


«or group cy? ‘oper steers during the covered the 


The W operators of Company A produced 16.514 Kram pl 

in perflormanes 


during the 
sample devia 


tion of performances 
rating- 


Norma! Time —Time Studs 


stamdard comditions pertorm the 
but excluding any allowance- 


Th 


The 
a hoermal parce 
‘aetired 

“ork 


menastres| 
Thos time 
instances the normal time was determined by time 
who made the performance 


of statistical 


Minutes per 
= le vel 
wees the normal time 


eonhden|s “ve 
treet «iat if 
t hee copper is 


Normal Time Performance Sampling 


Performance Index Time Stud 
the preremitget col thee jeer 


Column 22) thy 


the 


the measure] work time 
(performance mide. 
" nil age ra one 
tume. The selected time m determined b 
f netual tone 


dividing the measured 


tte 


t bee 


the product 
Column «, multipleed ol tev the 
the ettpal time 
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serry “Mere 


Mere i 
cperatanr performance clmeeryval tote 
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melivecdual 

Ji through 26.) The only difference re 


‘lata used a 


Sampling borror Performance from 

ts 
These columns are ate thee 


shout the <ample mean 
bee shitlerenes i« 


Performance 

that the data used 


Sum of mdividual periormaner ratitigs are obtammed from the “Vetematic stil) thee 


«lata sheet. 
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1. Work sampling will give time standards for repetitive 

standardized manual tasks which are substantially the 
same as standards obtained by time study. 
bon where i’ production count is not easy 
to obtain, such as indirect labor operations, it is possible 
to obtain an average performance mdex of the operator 
studied during the period studied using performance 

3. The measurements mentioned above can be made 
with a pre assigned degree reliatulity 

}. In many instances work can be measured by sampling 
it less time and at less cost than is required by time 

work pling the observer niakes “uhh instantane- 
ous cheek of the operator's performance at random inter- 
Vals during the working dav, thus making prolonged time 
studies Unnecessary 

Ne Wile hy cot device Is low 
werk sampling studies 

¢. Work sampling studies may be taken over a period 
clay Weeks, the chance dav-teo day 
or Week-te- week variation affes ting the results 

S. This type of study may be interrupted at. anv time 
Without affecting the result. 

% on “plant where methods are not standardized 
jets deseriptrotis “ure thoneNistent, an average 
bry operator av department ean be ob- 
“work nveTrnge idle and delays, 
it breukdown om the for the 


tore 
Appenalin 


bie cot iti the stibsecuent cdlisets 


rive beer? he population mean and the <ample 
npling errorins of time 


sf 


of <ampole «<tane 


ov Inne 


= moment about the assumed caleulation mean, 
=m |i? jJand 4 


T: = second moment about the actual sample mean 
r, = fourth moment about the actual sample mean 
r = sample mean of performance inaices 

” = population mean of performance indices 


Total Actual Time: Total work period in minutes covered by the 
study minus scheduled rest periods and lunch periods 

Veasured Work: Elements of the (Operation which are imecluded 
in the normal time 

Veasured Work (Operator Controlled: That portion of the total 
measured work which can be affeeted by the emplovee's skill 
amd effort 

Veasured Work Machine Controlled: That portion of the measured 
werk whieh mechanically prone el such as peewer feed! and 
~peed that it cannot he influenced by the operator's «kill 
amd effort 

Normal The time required umler stamlarad t te 
perform the measured work at a norma! pace exelucding amy 
alle mM ahces 

Perlormanes lander: For the of thes study. the 
found by dividing the earned normal minutes (normal time peer 
by the total number of bey the 
measured work time in minutes. The measured work time ix 
determined by multiplying the total actual cloek time by the 
peereent af the total actual time “penton measured work 

nmeasured Work: Productive work whieh is not in the 
normal time. In most studies only the repetitive elements oc 
curring at least once a evele were included in the normal time 
For example, such elements« as inspect work, line trays, record 
pen which ur only vere from 
the normal time These “were te the 


study and to inerease the 


The development of relationships applheable to per 
lormance sampling was based upon Tehebweheff’s In- 
equality and the Central Limit Theorem. Tehebweheff’s 
theorem states that, regardless of the mathematreal form 
of the distrilmition funetion, the area under the distribution 
eurve lving farther from the menun than standard devi- 
ations is always less than | 4°. Thus less than | -* of the 
ample mewn distribution is farther from the population 
mean than -/ @,. Letting.d. the difference between the 
population mean and the sample mean equal the 4 stand 


ard deviations, d Solving for 


Squaring both sides: 


The Central Limit Theorem shows that when the popu 
lation mean and variance are finite, the sample dist mbution 
of means approaches normaley as the sample size increases 
Unless the population is extremely skewed, or otherwise 
peculiar, sample means are fairly normally distributed for 
relatively small sample sizes. Thus the use of a minimum 
sample size of 100 would seem to justify the applying of 
the normal dist mbution relationships to the cistmbution of 


sample means. Normally distributed means vary about the 


population mean with a standard deviation equal to the 


iS 


ee 
| 
4 
4 
| 


‘J 


| the sur Substituting: 


; df 


lf the contidence level | a is to equal the total area 
melded mn the mterval between the population mean plus 


Substituting 


fidence limit is given by the expression s + /e,, where the 
desired significance level a | The standard deviation 


of the distribution of sample standard deviations is ap- 


cx | 3 3 
proximated by , where ¢ 1+ 
Substituting: 
hoes 
upper confidence limit for ¢ 
Vv 
but / 
Va 
Cs 
upper confidence limit for + — 
> a 


Sample Caleulations for Company “A” Full Study 


The Daily Summary Table, given below, shows the 
daily and total frequency distmbutions of performance 
indices taken during the Company A Study. Figure 5 is a 
sample data sheet from ‘Company A 


summary 
} wmame todes \ \ \ I " 
11S is ly 
1M) Jt 1 
Delay and unmeasured work ot 


Computations are greatly facilitated by the use of a 
frequency distribution and expressing deviations trom: an 
arbitrary origin in terms of the class mterval. The following 


table shows such enteulations rade for the Company \ 


a Study 
i 

a 
An approximate sample size can be obtained by making 
te of TI uffimency of rticular sampl 

ate menceyvy ol a particular sample, 
the upper confidence limit of o. It the computed upper 125 lt! 
confidence limit is less than the assumed ¢, the sample size 1 Hl 2 iz 244 iNS Wet 
was sufherent tor the desired accuracy and statistical con- 4 754 
fidence. From Inequality, the upper con 

Tae or Norember “5 


hee 662 | 
v | | 
267 
639 
678 | | 
662 
640 | | 
794. 
6x9 
678 J 
629) 
Total | 
BAG / 
6G2 
Ror. | J 
A 
640) 
7: 30 
734 
639 
678 
629 
62 
\ 


: 
$ 9273 1973 24978 4. Percent of total actual time spent on measured work 
Pe = — = = OST = 
servatione ‘ 5 Absolute sampling error Pw at conhidence 
iv and level 
vations r e= +196 
" 
= +1) + 0.008 
|. Mloments about Computation mean, 120 
> aT i. Measured work time 
0.726 Measured work time = p,, (Total Actual Time) 
Measured work time = 0.987(14650) 
7. Performance index-——time study 
an 19.780 Performance Index 
Fe ‘ 
(normal time) (produetion) x 100 
au SSUES (measured work time) 
123.80 — 
Performance Index 
moment « — LO00(minutes umit) unit 100 16 
80 HO + 26) Performance index ro + W, + SOF 2H) 
r= Absolute sampling error in performance mdex— per 
i poppet confidence lor a 
| + 
2 2 (measured work time 
Normal time 
(production) 
lor level of ALS performance tndex-pertormance sampling 
comtidenece limit tore 
V 
lt) ] 
1.02 minutes unit 
The sample size was based upon ratiodelay 
Ir 5 the adequacy of ‘hs 
sample “ize in terms of performance sampling, the \oam, “Determmng Reliable Delay Allowances” 
population standard deviation corresponding to The Management Reriew, Vol. 37, No. 4, pp. April 
thy desired mee and <tatistical confidence is 14s 
the assured” a \ssumed Value of a 2. Ati pence, M Work Sampling Without Formulgs 
lor level of 146-148. March 1954 
desired and lat penny Racen M VWotion and Time Study ira ed John 
menns. d an nwa \ Wiley and Son, Ine 
i Racew Mb SS Burrs. ano Jd A. Gary \ Statists 


“sce ¢ of JUS is greater than upper con 


eal Study of Performance Sampling in Work Measurement”, 


Hulletin \ umber S10 niversst \ of ¢ alhifornin Vogeles 


of 16.1, the sample size was 
tor the desired aecuraey and statistical con > Banves, Ratcen Mob Beers, Dew anp 
hiddenee K Asokews, “Performance Sampling in Work Measure 


ment’’ Proceedings Sirth Annual Industrial Engineering 
Inatitute, University of California. Lox Angele- 
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(ueueing Theory in Organization Design 


By D. G. Maleolm 


Operations Research Office, Johna Hopkins niversity, Chery Chase, Maryland 


‘Problems ot “mterterence,” of “quenemg iis the sub- 
ject is becoming more popularly known, have been recog- 
mized by industrial engineers [1,2] in determining the opti- 
mum number of machines ete. to be tended or repaired 
by an individual operator. However, in the references 
eited, development has been made for a single operator, or 
workinan, tending a vanable number of machines and. 
theretore, lacks the generalitw required for investigation 
ol thore optimal work procedures hich involve 
the possibility of a group of workers being assigned to a 
qreup tine or work stations 

To provide the theoretical background for this general 
type ot problem which has many implications in organiza- 
tional design, a portion of mathematical probability 
theory Known as stochastic processes must be emploved 
Phe purpose of this paper mav therefore be stated as being 
threetoled: 

| | to present the more general! 


mexdel, on 


required in such 
analvees. This will be relerred to as a “stochastic process” 
or quevemg model. The term “waiting line” analysis ts 
also deseriptive of the same problem Monte Carlo methods 
are also useful mm this type of problem and should be 
considered as an alternate, often more econom- 
eal, method 

2) keonaomic Decision Criteria: to demonstrate a wit 
Which results denved trom the 
emploved ti determiuung the work 

4 pplication le Clrganization Desiqn: to present ana 
desiring thee tor a premitvet ior depart ment 


ermine testing 


Problem 


To tulfill obypectives gamed (2) bested above let us state 
i which we explore 

Phere exists a ntumber of machmes whieh require random 
service or known aft 
“ne uveruge rate. ie with «a ~ervicing Factor A of 
known Value. Pt ous to determine the 
ariel the most ecomomien! size of which 
thew work. threo cap will he 


the Informal Seminar in 


Haltimeore 


Symbols 


Before proceeding into the method, a few words concern- 
ing queueing problems and the terms or symbols used are 
im order. For our purposes, queueing problems may be 
characterized by the followmg factors: (A) Semething to 
he Serviced: this may be customers i a restaurant, 


planes waiting to land, or, as in our problem a number of 


machines requiring mamtenance. (B) An Arrwal Rate 
how often do customers arrive? how often does a machine 
“arnve’ for repair? or how long does the machine run 
between breakdowns? what are the frequeney distmbutions 
of the above? (C) A Serricing Rate: what time is required 
to perform the requested service? what is the frequency 
distniution of these tomes? (1)) A Number of Servicing 
(nits: how many waitresses are emploved? how many 
runways at the airport how 
The symbols which will be used are listed here 
for reference: 
m total number of machimes which are involved 
r number of repairmen 
Probalnlity that of the m machines require service 
ata given time 
Probabality that mone (0) of the reapuire 
serviee at a given time 
Expected Service Time: the mean of the dis 
tribution of actual service times (or the reerprocal 
of the ser mig rate p 
kxpected Running Time: te. the mean of “the 
distribution of actual tities (on the 
of the arrival rate A 
Serviemg Factor: the ratio of the Expected Service 
Time to the bxpectod Running Dime 
kxpected number of m running at any 
givens tite determined the 
Expected number of the m machines being serviced 
at any given time (from Queuemg model 
kxpected number of the m machines waiting tor 
service at any given time (from ) 


\t any given tine R+S + W 


Queueing Model 


The objective of to caleulate the prob 
alnlity of oeeurrence for each posable combanation of 
machines that might require service at a given time. These 
poms of m machmes reequiring service 
smultaneousiv are referred to as the “states’’ of the 


system. Then, by weighted addition of the probabalities 


Pun Jotusat or 


of those “states”? in which waiting or interfefence can 
occur (those states where all the repairmen are already 
working), the total expected number of machines waiting 
W can be computed. From this, as will be demonstrated, 
may be computed the expected (Average) percent Running 
Time that the given system of machines and repairmen 
should achieve. This is our first objective. 

The following equations have been developed as an ex- 
tension of the work of C. Palm [4] as reported by Feller [3). 
They result from the solution of steady-state difference 
equations which desenbe the sum of probabilities of the 
vanous possible wavs a given number of machines may 


require service at a given time. 


( whereeO <n <r Eg. (1) 


P. 


) where n> r bay. (2) 
aa mim nm) 


[xe of these equations (1, 2) will be made by reference 


to lable l which yivestis estimates of the Expected number 
of machines | that might be observed bemg 
Serviced or Waiting Service at a given time. It should be 
pointed out that varnations from these values are to be 
expected these Values, mm one sehise, represent the average 
ai taanv observations baguation 3) indicates the relation 
ship oof these expected values and how they may be 


Machines Running + Machines being Serviced 


+ Machines Waiting m 


j : 
as 


j > “in m 


It will be noted that the summation for S is equal to 


hq. 


‘A w) times the tor R. Therefore, 
R+ (A pk + W = m 


The expected number of machines Running Is 


m ia 
R 

and expressed an percent vl wi. the total TULL 
machmes 

1 — (Wom) 

“ Machine Running Time kay. (4 
1 + (A/p) 


The reader is encouraged to read the developri it he 
and Palm for the basic assumption~ made in setting up and solving 
the difference equations The assumptions made in the derivation~ 
put certain requirements upon the distributions of the running and 
service times in order that the equations are applicable. These 
pT ions are important ated will be discussed later in 


the article 


Tue Jounxat or ENGINeR RING 


TABLE 1 
Sum of Probabilities 


Various Combinations of Machines Requiring Service At 
a Given Time 


2 
. 
fac hine Max hine- Max hine> P 
Kecuiring 
Being Waiting Pp 
Serv iced’ 
rT | SAN 
rT 
| 
] 


* Note there are m + 1 “states”’ (combinations of 
machines running or being down for service 
* Repairmen are assigned to machines requiring service until 
all repairinen are used 
When» = + La “state” occurs wherein one machine will 
not be readily serviced: it must ‘‘wait.”’ In this paper the proba 
Inhities of ¢ + | and greater numbers of machines requiring ser 
we are of most interest 
To arrive at the immediate objective the values of 7’) it is 
necessary to solve first for the ratio since P, is unknown 
(onseque fitly, the appropriate lor 2) is solved for all 
values of n; the values are entered in the column (4) and the sum 
of this column is taken 
* The sym of all probabilities for all The possible <tates ix by 
Pe 
definition equal to | - 1) conseque 
and /’, is determined 
‘From this, individual /’, are computed by multiplying the 
value in the column (4) by /’., giving the probability for any 
given number of machines requiring service at a given time 


For those not familiar with the notation in Equation (3 
it should be pomted out that the notation indicates that 
Wis obtamed by multiplying the value in column (3) of 
Table 1 by the corresponding value im column (5) and 


summing these product- 


Assumptions Involved in Basic Equations 


It seems appropriate to include a short discussion of 
the basic assumptions involved in developing Equations 
2). 

The probability that a machine (which is runmng 
breaks down in a small interval of time, A, is Ak: when 
bemg serviced, the probability that it will return to the 
running state in an interval A ois wh. Another statement in 
the dey elopment is that A, (m — nidti.e., the probalulity 
of a breakdown from a number of machines ts proportional 
to the number of machines running 

When dealing with any given system it is important 
that the assumptions are warranted. Tests of data col 


\ cove 19445 


‘ 


lected will show the distnibution of individual service times 
and running times. If these are found to be of the Poisson- 
type distribution, use of the equations is warranted. 

Even if the above is not shown, the equations will give 
satisiactory results when it is demonstrated that the 
number of machines requiring service at @ given time 18 
distributed similar to the distribution theoretically ob- 
tained (such as values in Table 1). Simple work-sampling 
studies may be used to demonstrate these attributes of 
the machines mvolved., 

One can conceive of situations in which these assump- 
tions would not hold, e.g. suppose we have 10 machines, 
each one otf which runs exactly © hours before breaking 
down and then requires ¢ ractly | hour of service time In 
this situation, after a short time, we would have one 
machine breaking down every hour. However, if in this 
situation the Running Time were not constant but Vaned 
with a standard dey ation, oe, as Creat“As one hour, then 
the assumptions above would hold. This follows from the 
unpublished work of C. E. Clark of the Operations Re- 
search Office. Nore generally he has shown that if break- 
downs are periodic, but the Running Times vary with a 
standard de Viation, @ the Expected Service Time) 
that the Poisson Process adequately approximates the 
situation. When such is the case the equations are ap- 

Jones tudieates that a mix of Inachines with slightly 
different introduces an Insignificant error Hlow- 
ever, the effect of this has not been determined analvticalls 

\t this pont, we shall mtroduce the results of a series 
of caleulations tor Pereent Machine Running Time for 
different values of m. (A wi andr Tables 2 and 3 show the 
results of these caleulations, each pert on these tables 
tuble equivalent to Table | and by 
using the same procedure for calculation 

hese data have been plotted in Figures 1 and 2, re- 
spectively, and pernut a much better insight to the nature 
ot the problem tacing us. It is noted that the curves fall 
of When ¢ becomes less than (A ard 


that each repairmon added produces a smaller inerease im 


TABLE. 2 
Percent Machine Running Time 
ba 
‘we ‘a>. 24 US 
“5 24 7s 
More inclusive Tables of Lapeeted Percent Machine Running 
Dime have been caleulated and are ineluded at the end of the 
rticle The mdlebted to IC Fernandez for 
ei theese 
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= various values of 


TABLE 3 


reent Vachine Running int 


airmen 


me 


Age @ Factor 
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r= OF REP AIRMEN 


| Machines Running vs No Repairmen 
various values of 


eficiency of the system (as measured by the percent of costs machine-hour vary. In Table 4, for each Ry chosen 


Machine Running Time). It is suggested that at some the use of three repairmen provides a least cost solution 
point the man added will cost more in wages than the When labor and machine costs are equal (Ry $2.00); 
increase in machine running time is worth. This leads to Ry = $2.00) the problem of machines waiting tor service 
our second objective: to present Decision becomes less Important bigure 3188 graph representa 
(‘riteria tion of the data in Table 4 


However, before turning to this discussion, Figures | 
and 2 contain another item of interest, namely that there 


are two ways to merease the percent Running Time. TABLE 4 
These are, of course, by adding more men for servicing, or Costs for Susten 
by some redesign of the machine to give it a lower Servicing \ 
It should be pointed out that this servicing might indeed 
be the case of machine-loading instead of mamtenance 
(as the term is herein discussed). In this situation the k= 20 
eurves die a dramatic picture of the effect of more 
automatic design. When viewed in this manner more com- = 
plete data are provided in evaluating the economics of a ‘ 
technological mivance Verstis Thanpower etheoentiv ised 
Leonomic Decision Criteria 
NIans equations could proposed to evaluate the 
efleet of added svstem efheency versus manpower costs 
The following is offered only for the purposes of showing 
the basis for a method for arriving at a decision concerning 7 
the leust cost crew size (. = i) 
lf it is assumed that we are willing to make a decisyon ‘i 
on the basis of the mumber of men which will be needed Cost Machine br 4 
for the least cost machine-hour, and that machines not Kepu 
‘ | } th 
where Ihe i lat the It usstimed 
that no other work ts assigned during time: 
hour will be used throughout 
Ry Rate Hour tor machine time: An 1.50 
higure whi hy aay thought ol us some wensible | ~ $8.00 


ot the sales dollar cach hour of machine-running pro- 


duces It im it relath ligtre whine hy detined 6.00 
tiny rigorous here. Rather we shall treat several values, 2 
ranging trom S200) toa SSO 1.00 
ticular svstem of m amd A z 
= 
7 We ink ENP ression that represetits the cost of 
. standby help and a cost of a loss of not utilizing our equip ~ 2.00 
ment 100 percent. Next, the percent) Running Times 
Repeirmen « $2. 
: shown in Tables 2 and 3 are substituted mto this expres- " af 
sion and Costs Machine-Hour for vanous values of Ry 20; 
ure determined, These data are presented in Tables 4 j 
and 0 2 ‘ 5 
Examination of these tables discloses imteresting and MO. OF REPAIRNEN 
valuable information concerning the manner im which the Pia. 3. Cost Machine Hr. vs No. Repairnm 


bor a given sVstem of machines i ps possi ble to arrive 
at criteria tor determiming the most economical number of 
workmen to assign to the group. Also if a safety factor ts 
desired, an approximation of this cost can be made by 
merely looking at the cost for one ndditional serviceman 
However. when this Is done if should bie remembered that 
greater time will result and should bre expected. 

Comparing the minimum cost solutions found in Tables 
famd Stor Ry SS.00 rt can be seen that the addition of 
two men to the erew raring the number from 3 to o 
reduces the minimum servieing cost that mav be realized 
from to SILOS machine-hour 

This tact leads to an rnpleation lt suggests 
that, other conditions equivalent? may be 
achieved by organmzing, where possible, larger groups re- 
lor a greutet machines In order to 
Rive compre hensive pieture of the cost 
solution Varving with the size of the group of machines, 
Table 6 has been compiled and presented graphically as 
Figure 4 

To illustrate this point, in a situation where there are 40 
machines and the decision to be made involves whether, 
at would be better to assign 2 men to each of 4 pes 
of 10 machines; or (bh) assign 6 men to the entire 40 ma- 
chines. Looking in Table 6 the reader can see that both the 
and €-mern ares cost solutions for 
the machine group size. Further, solution (a) would require 
ata total cost of S480) hour: solution (b requires 
oniv © men and a total cost of $42.00 Tt In this cuse 
the Expected Percent Running Time is imereased from 
te 

efiect of the tactors mm tootnote be evalu 
ited before accepting these results If these factors bear 
i. direct relationship to the size of the machine group m, 
it is higure } be adjusted show the 
effect of such costs incurred in larger groups. This would 
that size exists and might bre 
determined. sim costs would tend to mecrense as 
tion) on 

In stimmation, substanfial economies may be found to 


exist by organizing in larger group sizes and the practice 


reer t bee lel T ible bes the 


Number of Re parccmen Idle at any given time 
lewd | the Pereent Idle Time 
\ ml or do hot cause a significant change ith 
the serviettiw rate are alent Nor ile 
Ls ‘ sien? 


g? ipervisary effort 


TABLE 6 


Vintmum (‘oat Solutions 


A 
( Various Numbers of Machines, ™ - |: Rk. = ss 00) 


hines Expected Running 
Time. “| 
5 . 
1 OS 5 OS 
TY 1 ST 
lim) AS iZ 
1.20 
= 
3 
= 1.10 
= 
3 
1.00} 


OF MACHINES In GROUP 
bre 4 Nlinimum “cmt Machine Hr for Varving Size 
of 


of assigning an optimum number of machines to a single 
operator might well be analyzed in the light of this dis 
Figure gives «ati excellent indication of the 
magmitudé of costs of such practice. In this regard it should 
be emphasized that while the example chosen to illustrate 
the method was one of maintenance repair, the method of 
analysis is applicable to many other types of work situa 


tions. one which will now be discussed. 


Application to Organization Design 

The objective of this section will be to demonstrate how 
the application of the methods discussed previously would 
he of assistance in evaluating different ways of organizing 
a work force in a company. To do this, it will be necessary 
to go back a few vears and trace chronologically the 
changes actually made im developing an organization to its 
final form. The reader ix warned that this example has been 
considerably modified at the request of the company 


mvolved 


| 


a 


TABLE 7 


Histora of Virganizational Changes 


Organization 
step Method of (irganization 
years Men Test Cells 
\ Functional 115 
Funetiona 24 It, 
Functional t4 
TYPICAL ORGANIZATION ON CREW BASIS 
| 
| | 
| 
UNITS 49°52 OFPICT FUNCTIONS (7 MEN) 
OP GaN: aT (ONAL out? a 
ore Ration 


hig 5. Typical Organization on Crew Basi- 


igure 5 depicts the layout of an engine-testing depart- 
ment. Individual units of work in this department may be 
imagined its beginning ut the float of Mcoming engines 
shown and ending when the engine his completed its test 
and has been placed im the OUT float shown. The essential 
tasks in this department are: (a) /nstallation, Remwal 
engines are transported from the float and mmstalled 
on one of the 64 test blocks shown. Upon completion of a 
preseribed test, the engine must be removed and returned 
to the OUT float. Two men are required in a crew for this 
task. (b) Operation: Tests of varying length are presenbed 
for the engines. \ test operator runs the engine during 
these tests and records pertinent data concerning their 
performance ic) Serrice and Maint nance: occnspona!l 
failures or need for adjustment mour during testing, 
cialized help is needed for this task. 

During a period of three vears arguments centered 
around whether a functional organization or a crew or- 
ganization could best discharge these tasks. Another 
pertinent question concerned how many then were nemled 


“upery isson 


. ta 
boy ee 

Number Positwor Ac tua! Theoret 

Chief Oper. 

] Chief Installer 

l Chief Mechanic 

Foreman, each (16 cell- 

Foreman, each (16 cell- 116 

Foreman lin 7 

2 Foreman 74 7 

Prowl Control 


for ether task. The functional method may be defined 
as organizing the work force by the three tasks, with a 
foreman or chief over each of these three functions; he 
makes assignments to cells where needed. The crew or- 
ganization is made up of individuals whe presumably are 
capable of doing all three required tasks. kach crew was 
to be given 4 stands (such as 49 52 in Figure 35) tor which 
they were responsible for all work. As the reader can well 
there are a lot of pros and coms for either hy 
and it will not be to our interest to attempt a detailed 
discussion llowever, its of interest to us to know of the 
history and timing of the decisions that were made 

Table 7 attempts to list the major aSpects of interest in 
these decisions. In 3 vears a full evele trom tunetional 
to crew to functional method of organization oceurred 
with a considerable reduction in manpower required 
Arguments which initiated the Crew Basi- step B) cen 
tered around better morale, better traming tor fairly high 
turnover expenenced, and hoped lew 
elinunating the time lags of each Funetronal 
Chiet in dispatching his men. This dispatching was all 
done by leg work on the part of each chiet 

As time went on, it became evident that there was much 
idle-man time; consequently, changes to Steps © and 1) 
were made in the interests of economy. However, as soon as 
Step D was made it became obvious that “interference” 
oceurred frequently in a group of 4 cells when 2 or more 
engines tinmshed a test at about the same time. This was a 
serious factor and could only be accommodated by each 
foreman considering all 16 of his test cells as one large crew 
This had the effect of reducing the motivation catnsed bry 
crew competition. 

This led gradually toa trend towards having seme of 
the men specialize in one or another of the until 
Step F was essentially in effect. When the mmpact of this 
evolution Vis realized ana studied line management, 
it was decided to centralize the dispatching of crews inte 
one othee, to install a board showing the status of each cel! 
in the office, and finally to mstall telephones to euch 
ot 2 cells to provide mstantaneous communication. Thus. 


individuals of anv one task category would be given as 
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TABLE 11 
Expected % Unita Running 


No of Units to be Serviced 
ta m =~ No. of Units to be Serviced 
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signments from the central office either in advance or 
would be one-call at a waiting room. This gradually led to 
a work force of only SY and an increase of about 4 percent 
im test cell utilization a term analogous to Percent 
Running Time used earlier in the article. Note that two 
loremen were gradually replaced by a 3-man Production 
(control Stafl. This was. all done on the basis of letting 
normal turnover effect the reduction and was done with a 
minimum Of contusion, 

It is interesting to note that only £6,000 $10,000 was 
spent in making the final change. It is also imteresting to 
speculate in regard to what might have been saved in the 
Way of manpower costs if the last mode of organization 
could have been agreed upon earlier in the three vear 
period desernibed. Counting all costs (telephone, ete.), if 
the decision were made and nnoplemented without lag, to 
have been effective at Step B approximately $366,000 
might have been sa cal: if the were to have 
made at Step ©, 8267 500: finally at Step 1D, approximately 
Certainly potentially great savings are possible 
when the time to arrive at such decisions can be materially 
reduced. This leads to speculating on what would have 
happened it an analysis of the basic queuemg problem had 
been made al Step \ mvolving the methods described 

It to obtam data from the pervod midi 
vated. These data calculation of estimates tor the 
ratios of Task A (Installation-Removal) and Task © 
B 


were quite close to and 


Servicing to the Running Time) for each cell 


rem] ty 


iv. Tests of the distributions for the Expected 
‘Times tor these Task< were only partially satisfactory 
However, with reference to the unpublished work of Clark, 
Was found tobe 15 Titties the uw lor Task \ and nearly 
$3 times the | gy tor Task C (Consequently, use of tables 
at the ered ol thos Wits deemed appropriate 
lollow 


Prox 
\ Installer iller~ 
‘operator. 1.3 ‘Operators 
‘ Nlechante. ‘ 
4 


These results do not melude the toremen; they show that 
the method of organization decided by the company over a 
three-vear peril is quite Close to that analvireally derived 
ma penod of tume which might be estimated as one man 
month 

Reference to Table 7 also shows that organizing the test 
cells in 64 units rather than 16 will give an estimated mse 
in Percent Cell Running Time trom 73.02 to 73.68 at the 
sume time permitting manpower to be reduced trom {6 to 


(theoretical or actual Keven when the 


Tinting costs ol the telephones, production control clerks 
are included, a saving of $53,000 per vear is realizable 
Cost of installation, of course, must be subtracted from the 
lirst vear operation 


Conclusions 


While much of this example smacks of hindsight, the 
author is of the opinion that a couple of pertinent points 
mav be made: 

(1) An organization which is determined by natura! 
evolution involving line management decisions may take 
an exceedingly long time to arrive at its most efficient 
structure. Analysis of the organization in the manner 
herem discussed should materially reduce the time in 
reaching this optimum design 

2) In suitable types of organization, the queueimng- 
theory approach appears to give a 
for at least the example related) and is also of real value 
in obtamung an mesight into the way ditlerent factors in- 
fluence the efhicreney ol the sVstem Studs of such problem 
by development ot appropriate difference 
or by Monte Carlo methods offers a quite fertile field for 
industrial engineer 
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Applicability of Standard Data for 


Production Scheduling 


By Alan J. Rowe 
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Theo scheduling Is concerned with 
predieated mi a knowledge ol the 
tithe te operat botis, tine standards an 
integral part of the scheduling proceedure. Thus, m part, 
the success of a scheduling method will depend upon how 
well thie: Processilig Titties emt predicted In 
stances, production scheduling is concerned with products 
Which have not previously (thos Is 
the jobs shop nder these CIcumstances, 
standard data provides the onlv avatlable basis for est1- 
mating processing tine. Where there are engimeerng or 
design changes, there i the need for new time estimates. 
In the absence of standard data, these activities must be 
based on expenence or guesses. Under some circumstances, 
eN\perience is alt adequate hensure: however, m order to 
obtain maximum usefulness trom mathematical methods 
of production scheduling, it will be necessary to have 
anne valid staurdards the data lor the 
standards are poor, the results of a scheduling procedure 
could be vitiated. The usetulness of standard data has been 
demonstrated by its extended appleation te industrial 

ln order to predict manulacturing processing time, 
standards must be reliable and valid. Relabilitv reters to 
the consistency of the tune standards. and validity refers 
to the same absolute effort recpluirements lor a given job 
of where if ts performed The ol 
tre standards has recernved considerable attention trom 
research workers bait the effort ure subject 
fe ruther than work 
measurement expermentation. Thus, a basie standard 
Worne gs during actual working 
periods. The norm or basic standard tune will not) pre 
emely prediet individual performance time, but the actual 
nverugwe tithe hy is a given task would 
thy -tandard a t hie long ruiti 

Standard «data is a DE LSAT of the actual average 
foo ¢ ements of work. Some 
-tandard data has been developed swnthetireally the 
laboratory by dupheation of tactory work requirements 


toms, if cam more casilvy separate the variables under 
consideration. However, a careful comparison of the vari 
ous aVailable svstems of standard data would be desirable 
to ascertam ther with one another 

\ baie hwpothesis in standard data i that work can be 
sulxiivided into basic elements which can be recombaned 
many desired sequence It if assumed that the total time 
te periorm element ps nit of the 
in Which it occurs. This has led to a major erttiemsim of 
standard data, namely that it may not be possible to 
treat the elements of motron as mdependent huniding 
blocks im order to predict the time to perform a given 
task; that is, that elemental motions are generally de 
pendent and the usual procedure of treating them. as 
independent will give mse to errors im predieting the ex 
pected time to perform a given sequence. This paper will 
be concerned with a preluminary analvsis of standard data 
and the problem of additivity of elements 

The problem of dependence of motions requires some 
clantication. There are two kinds of dependence. One type 
of dependence refers to the merease or decrease my time to 
periorin a given motion on what liar me 
precedes or follows the wiveti repent ‘The =. 
are elements of motion prehepiendenit units which can be 
shifted around at will, or are thev closely linked to the 
surrounding elements of motron are truly inde 
pendent, they can be added ut any desired sequence. This 
leads to the (question, are elements of motron as currently 
defined by standard data svstemes adequately spee thed se 
that they can be treated as though they were madependent 7 
This that the groupmg of motions into categories 
could be done im such a manner that the preceding ariel 
following motions would be stmitifed so as to minimize the 
error. due te milding eletmetnts Stratiiving of classif ving 
alwavs mmvolves an aggregation of miormation which im 
turn means a loss of information. The appropriateness of 
the groups depends on whether they are homogenous or 
the sermousness of the loss of information and the purpose 
for which the data are to be used. We can think of ths m 
terms of what probalulity or confidence level are we willing 
to accept m considermg the classification as desenbing a 
unique population. Dhe mk of error which we are willing 
to accept depends on the economic cost of differentiating 


one group trom another, and the mnportance of the data 


TIME 


co 


Referrmg to Figure 1, we can graphically see the problem 
of bor anv given motion “1” there are 
a large number of pos-ible following motions (a, 6, ¢, d, €, 
for example), and the time to complete the combined 
motions (Aa or Ad, ete.) will depend on the particular set. 
This can be extended to melude three or more -motions. 
The diagram that there is Vast number ol possible 
motion combanations. Since it ws not desirable to enumerate 
all such possible combinations, it ts necessary to group 
motions. bor motion tollowed by d or might 
be considered as one The motions following 
ean be stratified into any number of groups. Then we have 
to determine whether these classes or groups are adequate 
for predicting standard times. Fruitful research can be 
undertaken to determine hat if any, will pre- 
vide standard data which will have the property of 
neghgible errors when the elemental motions are added 
in any sequence. The errors could be considered negligible 
when the ayvgrewate absolute amount does not exceed two 
or three percent of the final tume standard. 

Assomated with the probsle of uggregation., 
are the problems of individual differences. Thus, for each 
motion there is a mean or average tume which ts a param 
eter of a given population rather than the exact value that 
could be expected trom any particular madividual’s per 


formance. There are a number of factors which influence 
the performance time tor elemental motions. For example, 


there are differences in physiological capacities, psychologi. 
cal factors such as motivation, learning, ete., and environ. 


mental conditions. Thus, added to the problem of the 
grouping or classifving procedure is the question of the 


suitability of using average time values as the basis for 
establishing standard times for imdividuals. Presumably, 
selection procedures provide reasonably 
homogeneous population so that the use of averages i 
suitable. 
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The second type of dependence is a statistical or prob- 


alnlity dependence. Whereas the first tvpe of dependence 
was concerned with predicting the time for performing 
work depending on which motion preceded and followed, 
statistical dependence is concerned with predicting the 
time for given elements of work based on the frome which 
specific individuals take for adjoining elements. Statistical! 
dependence in this instance can be measured by the correla- 
tion between successive elements of work for a given in- 
dividual. That is, we might find the average time for per- 
forming a particular motion varies depending on the time 
for the following motion. However, if elemental motions 
are interdependent, an important question is how much 
error will result from predicting the expected performance 
time when the dependence is ignored. The magnitude of 
the error will be a function of the degree of dependence, 
where the dependence refers to the correlation or covari- 
ance among the elements. Where the correlation is low 
(i.e., equal to .1 or .2), it is clear that the assumption of 
independence will lead to a negligible error in prediction 
(less than two or three percent). 

Where elements are statistically independent, it is pos- 
sible to predict the expected value of any given, element 
with no knowledge of the others. When elements are cor- 
related, they are dependent in a probability sense, and 
their expected values are related by a mathematical funce- 
tion. Further, where chance variables are uncorrelated, 
they may or may not be statistically independent. For a 
normal distribution, uncorrelated also means statistical 
independence. Statistical independence between variables 
rand y is defined as the case in which the conditional 
density lunction fi does not imvolve Correlation, or 
dependence in the probability sense, can be explained by 
stating that the error in prediction of one of the factors 
will be reduced if the information about the factors is prop- 
erly used. The percent error introduced by ignoring the 
correlation, and the way in which various expected errors 
depend upon the degree of correlation are shown later in 
this paper. 

Statistical dependence is important primaniy where one 
desires an estimate of the variability of the expected 
values. As far as the expected values themselves (arith- 
metic means) are concerned, it is a sufhment condition 
(statistically) that the elements be random variables in 
order to predict their mean values accurately; since the 
mean Value of a sum of random vanables is equal to the 
sum of the mean values of the vanables themselves. This 
is true whether or not the variables are statistically de- 
pendent or independent. Thus, if there are three variable 
r, y, and zc, and these are random variables, with a joint 
density function flr, y, 2), then the expected value of their 
sum + y + = + Ely) + Etz). The signiti- 
cance of this theorem in standard data is that the mean 
time for a motion pattern can be desenbed either as the 
mean tume for the entire motion or the sum of the average 
time values for the comportent elements, as long as these 
elements are random variables. Thus, the problem is: are 


of 


the elemental motions subdis ded im such a manner that 
their time-values are random variables? 

Since this is an important aspect of the entire problem, 
it would seem worthwhile to discuss this question of 
random Variables further. A random variable is a numerical 
Values variable defined on a sample space. This concept 
nay be assomated with physical experiments by showing 
that the outcome of a series of events depends on chance. 
\s an example, the number of pomts on a sample space for 
the tossing of two dies is 36 (considering the 2 axis as 6 
points and the y axis as the other 6 and the sample space 
us the possible permutation of these two), where the 
random variable x is defined as the sum of the numbers 
appearing on the individual dies when tossed; and where 
this sum assumes Values from 2 to 12. A funetion f(r) which 
gives the probabilitv that a random variable x will have 
any particular value im its range ts called the frequency 
lunetion of the random variable 2. This definition can be 
extended to more than one variable by a joint frequency 
or density tunetion. This extension is of interest for the 
p analivers of pautteriis since in general 
these are joint density funetions Any particular set of 
numbers mav or may tet be random depending on the 
manner im Which they were generated. Thus. randomness 
Is nota property of the numbers but of the process from 
Which they were obtamed. If numbers come from a process 
Which os believed to be random, and the numbers meet 
tests ness, they ure considered to be 
random: 

Statistical dependence, or correlation, does not present 
the major difheultv on standard data since dependence 
ean be in estimating the mean performance time 
where the standard data elements are defined so that the 
toe Values are random Variables. The important problem 
the dependence due to stratifieation 
This question can only be answered by experimentally 
showing vhether the current ure satisfactory. 

Where data is available on the correlation bet ween two 
Variables it to estimate the errors of prediction. 
errors can be classified mto two ps, those 4s - 
with error mm thon of the performance time, 
and errors in thon of the varmnce of the variables. It 
Was noted previousiv that the mean tune for the per- 
were random Varmbles. Llowever, it might be desirable to 
obtain a more precise estimate of the performance time 
than the average ‘That is, Knowing that two elements are 
correlated, it is possible to more accurately predict the 
periormancee time of the second motion pro the 
first im known and the correlation. This increase in the 
aecuracy ot prediction can be measured as a function of 
the degree of correlation. This would only be applicable 
medivedua!l coreumstances where the correlation had 
heen extimated trom a sample study. Since there 
measure of the correlation among elements for all kinds 
of work and tor all types of people, this could not be gen- 


eralized bevond saving that. of the correlations were 


known the following analysis would indicate the error 
which would have been introduced into standard data by 
ignoring the correlation. 

In order to estimate the magnitude of the error involved 
in ignormg correlation (which is essentially what current 
standard data systems do) we should define the total 
error (total variance) as consisting of two parts, the vari- 
ance due to correlation and the variance due to random 
or non-assignable causes. 


If 
o, = total vanance 
¢j. = Variance due to correlation 
Cy. = Variance due to random causes 
ther 
Ove 


The correlation coefficient “r’’ is defined as the square root 
of the ratio of the variance due to correlation with the 


total vananece 


Another mterpretation of “rr = the ratio of the square 
root of the covanance of two sets of observations to the 
geometric mean of the separate variances. 

If we have sets of observations + and y. their covariance 


is and the separate varmnees are and then 


" 


the standard error estimate. Thus, ¢,, can be expressed im 
terms of the total variance a, and the coefliments of cor- 
relation “r"’. If any two of the three parameters are avail- 
able, then the third can be caleulated. The factor V1 r 
is used as a measure of the error of the prediction. The 
efheeney of forecasting desenbed as | 
which indicates how much better the prediction would be 
than «a random guess (no knowledge of r) as a funetion 


5 
3 
é 
(mn 


bor example, knowing that + @,,, and given 


that @,, a,, there would be no random error ¢,, and r 
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100). 


would 1.00, then | Yil-Pr 
perfect prediction where there is perfect correlation. Let 
ux consider the case where a, a_,, then 
a. a, 


In this instance the efficiency of forecasting is: 

n | V 75 = 134, which indicates 
that the prediction based on information due to correla- 
tion has a probability of being 13 percent better than a 
pure guess. At the other extreme, if a. a.,, the correla- 
tion is zero, and all the error can be attnbuted to random 

Still another problem is the estimate of the variance 
of two or more elements as a function of the correlation 
ordet toestinate the error ol the when 
correlation. we consider the general case ol the total 
where there are two vanables ¢ and y with a. and oa, and 
correlation r,, 

lf o a. then 2a, + The error im a; 


cor relation 


thustor the error in mnonng correlation when 
estimating the total vanance mw of 
pereent 
lor: {the error is 2o percent 
| the error im percent 
lal the error is O percent 
ts the pling error ofl ‘Thus 


of the saniple Since general r os, 


the two standard deviations ditter amount « 


The error {) then the yenerul 


is 1.00 the error m assuming it is zero, can be 


When r.. 


evaluated for the case where @ o.. and ¢ In the 
percent (which Wis shown pres 
we let amd ry | 
then 


for amd ry. 
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(ther examples can be used to show the error of predict 
ng Variances as a function ol the correlation and the rela- 
tive magnitude of the variances. In the example shown, the 
maximum error is in the order of 5O percent depending: on 
the two variances. This error reduces rapidly as the corre- 
lation is reduced. It must be remembered that the above 
refers to the error of predicting the range of variation and 
not the error of predicting the expected or average times. 

In summary, if has been the purpere ol this paper to 
consider the problem of whether the mean time for the 
periormance of elements of a motion pattern can be added 
to estimate the expected mean time for anv given set of 
elements. Where the elements are dependent, the degree 
of dependence, or the correlation may be considered m 
order to estimate the error of prediction of the mean time 
(eficieney of forecasting) and to determine the error of 
neglecting the correlation on the estimate of the total 
variance, In production scheduling usage, the estimate of 
the mean times is the current problem rather than the 
estimate of the variance 

“As Wits indicated, the problem of statistic! dependence 
is not the important one at this time: smece, elemental 
motions are random variables, then they ean be added 
together to obtain an estimate of the mean periorinance 
time whether or not the elemental motions are depend nt 
The important problem confronting standard data ts the 
question of whether the clas<ifieation of motions as cul 
rently defined by various svstems is suitable for predicting 
standard times 

Further research should be truittul os: 

|. Determining whether elemental motions in psvehom 
otor task can be considered to be random Variables 

2. Obtaining estimates of the dependence of elemental! 

4 Determining the af curren standard 
data classifications in view of the theoretical con 
siderations 

} binding estimates of the variances of the elemental 
motion data 

kKvaluating the magnitude of the absolute errors in 


volved m ising standard data as currently «le tinned 


Industrial Engineer 


\n expenence engineer to undertake a long 
range program io the muxlernization at of 
sheet finishing operations in six integrated paper ' ills 
automatization motpon \; pik ations will 
be kept strictly confidential, Send Depart- 
ment B, Journal of Industrial Engineering, 


2355 North Avenue, \.W., Atlanta, Georgia. 


j 


Research in the American Institute of 
Industrial Engineers, Inc. 


By Andrew Schultz, Jr. 


Protesser in Charge. Department of Induatrial and Engineering Adminiatration, Cornell University 
Director of Reasearch. 


\t best. the formulation of a research program and 
policy tor a professional somety is not an easy job. To do 
Tor ah organization as and ambitious as the 
\menean lnstitute of [odustrial Engineers in today's 
dvnamie and tast-untolding field of Industrial Engineering 
is even more difheult. To be acceptable, such a program 
long range needs the organization and alse 
bee compatible with probable de elopments in the helds of 
research mvolved. This means that the detailed prograin 
must, mots inception and execution, constantly consider 
two Viewpamts that of the orgamzation and that of those 
doing the research. [If sight of either one is lost, the program 
becomes irrelevant or stentle 

This problem is impleitly recognized in the AILE Con- 
stittition tev the phrasing ol the Purposes of the Institute. 
third of these To enceournge and assist education 
and research mm areus of mterest to the industrial erigi- 
meer. The tourth is: “To promote the interchange of 
amd among members of the industrial 
any uttemipt te define a research for the 

The immediate problem Is to outline a which, 
Within the current organizational and finaneml strueture 
ot the can roost effeetively achieve the objectives, 
| are the of and usesistance to research 
mo of mterest to mdustrial engineers and the pre- 
cot the rehangwe of and information Mong 
those members of the primaniy interested im 
research, Obviously, anvthing done to promote the inter- 
change of ideas and information with respect to research 
members af the will ard and such 
research. With ree of this sev ondary objective brut 
with devotron te the the following is 


Ty pes of Research 

bo and and encourage research m the area m= a broad 
ruther than «a narrow ohyective Defiution of those areas 
of mterest to the madustral engineer is a contininis prow. 
ess Which taking othe different articles 
ddan this Journal, and it ts not proposed to clisetuss 
them here. Oh the other hand, definition or limitation of 
the term, research. re It has been used in w riting 
md diseussion bv members of the Institute with an ex 
tremely broad connmeotatoon, and it om mtended to follow 


this precedent here. It os prepped that the proper 


jective is to aid and encourage research of three general 
types. These are: (1) basic or fundamental research in 
specialized fields of importance to industrial engineers; 
(2) the development of new analytical techniques which 
involve the application of the results of research in many 
areas, some of which may not necessarily be of specialized 
importance to industrial engineers; and (3) the develop- 
ment of new or mproved methods of svnthesis. These are 
discussed in more detail below. ; 

Certam areas of fundamental research are directly re 
lated to industrial engineering and, im some instances, 
peculiarly so. Some aapects of work measurement fall om 
this category; and while both industrial .psvchologists and 
industrial engineers have a direct imterest m much of this 
research, such topies as levelling or rating investigations 
are of peculiar concern to the engineer, Other areas of re- 
search are less directly related but are rather general im 
their application. Examples of this are some of the results 
of mathematical and statistical research which have broad 
helds of applieation other than uses mn the Quality Control, 
Sampling Inspection, kistiumateng, or Production and Cost 
Control procedures of industrial engimeermg Research 
in areas of logic and communication theory which leads 
to engineering research im. eleetronrre equipment results, 
In turn, mm computational and data processing equipment 
of direet concern to iudustrial emneering, as well as to 
other engineering and plines 

From the few examples given, it can be seen that re 
search m many other areas has a bearing on industrial 
engineering Aid and im specie arenas tet 
previously deemed directly related to mdustmal engmeer 
ing must be considered. as well as that offered for more 
obvious needs 

The development of new analytical techniques of um 
portance to the profession generally comes about as the 
result of base research progress. The benefits of such de 
velopments are realized more rapidly to the extent that 
the recognition of the need is combined with knowledge of 
the fundamental research and the area of application 
Certamly, this orgatuzation can render a service by at 
tempting to expedite such developments. The long time-lag 
between base research and technique research and be 
tween technique development and appleation is well il. 
lustrated by statistical developments m the field of sam 
pling meapeetion, which were founded of research done 
long before and not broadly applied for a decade. Basic 


research om mathematies and statixties, in psychology; 


applied research in electrical engineering; and research in 
many other fields is currently taking place and is furnish- 
ing the basis for new industrial engineering techniques. 
In the field of production control alone, certainly of interest 
to industrial engineers, completely new concepts are de- 
veloping as a result of such research. 

The last category of research listed is of pressing interest 
to the industrial engineer; since it is perhaps most closely 
related to the engineer and his problems. It is the type of 
research that results in the development of new techniques 
of synthesis. These developments are related to the ana- 
lytical ones discussed above and trequently stem from 
them. Some of these methods of synthesis may find ap- 
plication in areas other than industnal engineering. 
Examples of these are some of the servo-mechanism con- 
cepts which are used in design not only of electronic con- 
trol systems but have application in the synthesis of in- 
ventory control system and in automated production 
systems both of concern to the industrial engineer. Other 
svithesis techniques, such as the refined line-balancing 
techniques, are of peculiar interest to industmal engineers. 
The concern of the industrial engineer with plant design 
and procedures specification, the concern with materials 
hardline: re thods and automation, and many other trends 
discernible in the literature wp the need for absorp- 
thon and refinement of the new conceptions emerging trom 
bas research currently im progress with the ultimate ob- 
jective of improvement of our methods of synthesis 

common te nev it and Nong practicing 
industmal engineers is to deplore many of the new de- 
velopments as bemg toc “long-hair” or theoretical Most 
mdividuals who have done research on some of the prob- 
lems mentioned have had the eXperence of having their 
work so eritieaized. Therefore, it must be emphasized that 
if it is research, it ps new: itis usually difheult to assinulate; 
and time is a factor in both the successful execution of the 
research at the refinement of any practicable tech- 
niques «ol <vithesis and analysis Research, im general, is 
not easy but is usually difficult, and the interpretation of 
any good research tor the practicing engineer is also cdit- 
heult. Recognition of the truth in these statements is es- 
sential before a workable program can be developed or 


executed by the AITE 


The Problems 

There are a number of problems assomated with the suc- 
cessful completion of a program of research for the organ- 
zation. One of these is the nmportant question of means of 
obtamimng broader recognition among industmal engineers 
not only of the need for research, but also of what good 
research is and of its value to the profession. Perhaps the 
answer to this problem may he, in part, in the availability 
of good publications and access to a publication medium, 
which would make it possible for interested persons to keep 
up to date. In addition, the availability of a medruim im 
which to announce new studies and results and of a forum 
for discussion of current problems of research will help 
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It is evident that relatively few industrial corporation 
do any significant research in the area and that few of those 
that do have encouraged publications reporting results 
obtained. Some of our large corporations have been most 
culpable in this regard. Naturally there are problems in 
such publication from the corporate viewpoint, but they 
are not insurmountable, and more inclination on the part 
of industrial engineers to publish such results would be 
beneficial. This is, of course, another facet in the develop- 
ment of the true professional attitude 

The proper form of the organization charged with the 
aid and encouragement of research is another important 
problem in- the planning stages. It is essential that con- 
siderable breadth of knowledge of specialized and general 
areas of research be represented, along with adequate 
ability and experience, to foresee and understand the needs 
of the industrial engineer. \ satisfactory blending of theo- 
retical concepts and knowledge of reality is necessary. 
Most important, the organization must be able to pursue 
its ends with great tact; for everv industrial engineer 
seems to have his own special problems, ideas, peeves, and 
areas in Which he would like more research. A program 
that will be worthwhile must be based on the long range 
viewpoint, flexible enough to change with the times, but 
not so flexible that it loses its effectiveness due to the 
foibles of individuals. 

Finally, there remains a number of problems, such a- 
the forms in which aid and encouragement may be pro 
vided, how best to draw on the ability and potential of 
the Institute, and manv other associated problems. Some 
of these will have to be answered as time Pisses and ex 
perience is gained. Others can be foreseen and 
for im advance. The following program is an attempt to 
develop a satistactory solution to some of the toreseeable 
problems without prejudicing freedom of action when the 


unforeseen mcurs., 


Organization 


It is proposed that the research organization consist ot 
it Research Counce! and a senes of ad hoe committees 
appointed by the President of the AILTk. The Director oft 
Research would serve as Chairman of the Coune, which 
would be an advisory body appointed by the President to 
proy we guidance, assistance, and contimuityv in the dire 
thon of the research of the bach member oft 
the Coune:ll would serve tor a five veur and the 
membership would rotate It should to have 
represented on this body the breadth of Knowledge nece- 
sary for a critical and thorough appraisal of the research 
program 

The two categories of research committees would serve 
two different purposes. One would be that of appraising 
and evaluating the state of dev elopment m specie areas 
of mterest to mndustmal engineers a tunetron “nilar to 
that of the present research committees. On the basis of 
such comiunittee reports, the direction ot the overall pre 
gram would develop. A second type of research committee 


would be fewer in number and more functional in nature. 
Such committees would be charged with the detailed ex- 
ecution of the program outhined below. The turnover of 
membership of all committees would be faster than that of 
the Counen, and these committees would operate more 
formally than in the past. As the Institute grows, if there 
is a desire tor technical divisions of special interest, the 
present type of research committees would help form a 
basis tor such divisions which could take over the specialty 
lunetions of such commiuttees Continuity of the overall 
program, however, will be assured by the Council and the 


lhrector of Research 


Program 

\ny program of research costs monev. The problem im 
Organization would appear to be the development 
ola program that costs little at the start but is capable of 
expansion to fill the needs that develop. It should also 
rot taal te recomnize those needs that are present at its in- 
ception, even if finances are limited. Obviously, such a 
furnish much finanetal «sponsorship of 
It can, however, arn and encourage necessary 
finanem! support through other methods and also embody 
the means of deve lopparige sources outside the AILE. Many 
foundations and some governmental agencies are already 
research areas iterest to the industrial 
engimeer and could not fail to consider mformation which 
that need study. The following five- 
step will demand a expenditure in its 
early stages but could effectively spend a considerable 

Phe tive areas of endeavor suggested are: (1) encourage- 
ment by prizes, (2) fellowship encouragement, (3) as- 
<istanee throwgh provision tor better re- 
hy } by direct support, 
amd (5) eheouragement and am through supplementation 
of the AITTE publeation medium. Each of these is dis- 
deta! 

\iost professional and many techmeal organizations 
etommragement for research m the form of prizes. 
The np re rss is Tee mitstanding work in the held 
with two es in mund. The first ps the recognition 
of the pedividual and bos accomplishment The second Is 
oom the educational advantage im such recognition. 
(ther research personnel, graduate students, and engi- 
neers can benefit ina vanety of wavs from the availability 
others will be eneouraged to do research and that more 
Will learn te research 

mir TV pes prizes are ontemplated (ne ma prize for 
the best student paper. This would include a monetary 
reward and publication in some form. The second type is 
recogmitien of graduate study. A prize for each of the best 
roaster's exsav and the best doctor's thesis is suggested 
Both a certificate “ud some form of publeation Is sug- 
altheugh the latter involves some considerable 
The third type of prize im for faculty 


research at an academic institution and consists of a certifi- 
cate and publication in the Journal. The fourth type is a 
prize for the best industrial research and also involves a 
certificate and publication. It may seem desirable to pub- 
lish some of the papers in the Journal. In any event, 
another medium for publication of the longer papers or 
theses would be necessary. Details of all must be coordi- 
nated with other committees of the ALTE. 

The graduate fellowship is a recognized method of en- 
couraging young men to embark upon a career in research 
and also furnishes a method of aiding academic research. 
Many industrial firms provide such fellowships for selected 
fields of study. For the AIIE to be able to initiate such 
& program in the near future is unlikely because of the 
costs involved. But a program which encourages industrial 
firms to award special fellowships in the field of industrial 
engineering or to include industrial engineering among the 
fields open to fellowship candidates does not involve such 
a great financial expenditure and is also an effective way 
of accomplishing the same objectives. 

A third method of aiding research is through the pro- 
vision of information for better research coordination. 
This involves a number of activities, some of which have 
already been initiated by the existent research committees, 
It is not intended to infer more than the provision of more 
complete information for the various agencres active mm 
research in areas of interest to industrial engineers. This 
activity should include at least three types of endeavor. 
One is the maintenance of satisfactory liaison with re- 
search of other soceties. second is the historical 
review of research in special areas. The third, and perhaps 
most pmportant, is the provision of a mechanmm to provide 
information to interested research agencies and individuals 
about work bemg done on various topres and im various 
fields each year. Other organizations have special publea 
tions or media for the exchange of information on research 
taking place in various institutions. Publication of graduate 
thesis topies and abstracts each vear would be an im- 
portant aid im itself. Surveys whieh embrace not only 
academic imstitutions but other research sources would 
be quite helpful, and evidence exists that more information 
is desirable in order to avoid excessive duplication of effort 
in a field where all too little good research is taking place 
The plan for the publication of the results and information 
obtained in this part of the program is outlined below in 
the fifth proposal 

\ fourth method of encouraging research uw by direet 
action to provide support. Of course, with a great deal of 
money and intelligent direction, such an activity m= not 
so diffieult. Without funds, however, more difficulties exist; 
but they are not insurmountable and some achevements 
should be possible even in the formative vears of the 
organization The underlying assumption to the success 
of such aetivity is that the committee involved has suf 
fiment knowledge and prestige. It must have the knowledge 
to know what research is needed and how it fits the needs 
of the proposed sponsor. It must have the prestige to 
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make its recommendations significant. The functions 
would be, first, to develop imdustry, foundation, and 
government agency support, recognition, and relation- 
ships. A second function would be to assist in raising 
money for important research projects. A third function 
might be to act as a source of information for industry, 
governmental agencies, foundations, or research agencies 
Interested in specific areas of research. 

The final proposed method of aiding and encouraging 
research and also of promoting the interchange of ideas 
among members of the profession is the provision of a pub- 
eation medium to supplement the Journal, a medium 
devoted to the publication of material which is unsuited 
for the Journal and which is of interest to those domg re- 
search. This publication would melude research mono- 
graphs too lengthy for the Journal, periodic surveys of 
research in industnal engineering, prize theses and papers 
tin long lor the Journal or tel deemed of general interest, 
and tnbhographiceal and abstract material. The field of in- 
dustrial enginéering needs such a publication, and there 


sno reason Why it cannot ultimately become self-support- 


ing, or nearly so. However, an imitial expenditure for the 
first publications will be necessary. As these are sold to 
the membership and the general public, the funds re- 
covered can be devoted to publication of additional mono- 


graphs or reports. 


Conclusion 


The above program may seem to be an ambitious one 
If so, it is in keeping with the tone of the ALLL. It cer- 
tainly cannot be accomplished overnight. It cannot be ae- 
complished by one or a handful of individuals. It cannot be 
accomplished without funds. And it demands the participa- 
thon of those members of the Institute who are familiar with 
research im the area and resources of both research talent 
and funds. There is no reason why the program cannot be 
initiated this vear and brought to full stature next vear 
There is nothing sacred about the specific proposals made, 
and changes to incorporate other and better ideas should 
be made. But if something of this nature does not take 
place, it is dulnous whether indv rial engineering as 4a 
prolession will ever realize its proper status 


Another Approach to Machine Replacement 
Analysis 


By Roland Pinger 


Lecture VUVechanica Engines ng lhe pr ollege of Engines mire 


Qhur profession should be grateful to R. O.} Swalm for 
his fascinating problem im machine replacement analysis, 
Which appeared im the Journal of Industrial engineering 
lor January 1055. As stated in his last sentence, we can no 
longer “look with complacency on dubious methods” of 
making decisions of this kind. 

This does not mean, of course, that we must wholly 
agree with Professor Swalm’s conclusions. Personally, | 
believe that his first three “approaches” give the right 
answer although the analyses mav be “dulnous,” whereas 
the fourth “approach” gives the wrong answer because of 
an mcomplete computation. By the latter | mean that the 
mere comparison of the total annual costs of two alterna. 
tives does not ordinanly supply a dependable criterion. 
Most new investments, replacement or otherwise, are in- 
tended to reduce cost, but the real question is whether 
that reduction is commensurate with the additional in 


vestment and risks mvolved. 


Modification of Approach 


First of all, therefore, we should divide the annual sav- 
ing, if any, by the new capital, toget an annual rate of return 
thereon. The adequacy of latter should then be judged in 
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fu alt alitornia 


the light ot pertaining comparable risk- bon 
itis understood that one of our larger COTporatiotis, cur 
rently earmng “i °° on its old capital, will make a new 
investment only when “2.” the predieted return therean, 
exceeds 10°. The distinction between these rates is most 
im our subsequent atialVsis To tise 
only 


to his fail. As everyone Knows, the tail is usually happies 


will hereafter refer to the dog himself, baat 


than the basic 

More SOTIOUSTY, wall presently have the 
funetion of determining the magnitude of the annual 
preciation charge Unless depreciation reserves “are sepia 
rately invested they seldom are), thes should be con- 
sidered as earning at the same rate as any other old capital, 


namely “1%.” In other words, annual depreciation eX 
pense will not be merely the total cost divided by “‘n,” the 
vears of use It will be that cost divided by “S,.° a number 


alwavs larger than “n,”’ of the following name and formula: 
(7S, = Amount of an annuity ot lL torn periods ater, 


per period 


For example IS. in any good annuity 
table. A ecost of SlOQ over ten vears will be met by an annual 
depreemtion charge. not of SIO. tut of or 


wv 


Application to Swalm’'s “Table 1” 


We com ple Professor Swalms “Table iti 
whieh the total annual costs are S1200 if the old asset is 
retamed, but only nf the new one is purchased 


jim) 
6 


per annum 


lt our predetermined minimum return on the new capital 

md. however, that tor simpheity Professor 
depremation, which is equivalent 
ty that thy depres ition reserve earned nothing 
lewst tor outsell. Remembenng what the hard-holed 


tle Ne bestament thre unfarthtul 


amd thus make equal mstead of nothing 
Sich metro Weld make lable read as tollows: 
Xe 
‘ 3 =a 
De fitw Sua 
Stites 
ry. 


lr our predetermined return ow stil oa, it now 


that we might (place pores’ the risks are not 


> m eurted buving Tine’ of its 


thee appropriate regulating Commission, 


adjust rates to earn about on the utility's “rate 


mse” hewever, our company os just an im 


Pee is ne 


Application to Swalm's “Table 1 


course. Professor Swalm has (mir criticism 


whieh differs from “Table 1’ 


latle 4 


is the total annual costs to $1252 50 


and $1222.50 respectively. In this case 


292.00 — 1222.50 W 


OL 
— 


R Percent, 
If the 5° already inserted is viewed as profit, rather 

than as mterest, it could, with some validity, be added to 

the 144°. to produce a fotal return of 644° on the invest- 


e already 


ment. This is commderably larger than the 35%, ‘ 


computed, but it will be remembered that we then let the 
depreciation reserve earn only 3° instead of 5% 

Let us now assume that the company is currently earn- 
ing O°. on its old capital, and that the depreciation reserve 
is therefore earning the same. This means using S, without 
apology, for if our industrial engimeers aspire to profes 
sional status they had better not be afraid of an ordimary 


annuity table. “Table 4° will then look like this. 


(ost Per Vear of 
of 


apita bee 


Interest (© = So =< OG S210 
()perating costs Sua 
Total 
2; 


\dding the 5°: as before, we get a fofal return of G4. on 
the mvestment, which still means “Ve"™ to the replace 
ment problem, our company an ordmary mdustrial 


The Dilemma And It« Solution 


This ts most disappointing, We imdustrial engineers 
really wish to throw out the old equipment, but have now 
found not three, but four reasons for net doug so. Is there 
not some “approach” which will give us the answer we 
desire, or at least tell us what factor has to be changed fh 
order to justify replacement? The answer i “Yes,” and 
without any mathematical skulduggery either 

The solution to consider and “X" 


old asset) all as variables, and to set up an equation (and 


‘value of 


poxsbly draw curves) to express the relationships en 
volved. Thus: 
not just STSOO, but whatever can be obtained 
for the old asset by a‘little pudicious bargam 
ing. Remember that the salesman is replacing 
his new asset by vour old one 
net or but whatewer the depreciation 
reserve can be mghtfully assumed to earn. 
not or but whatever can be considered 


a reasonable minimum return on new capital. 


\ ‘55 Teor Jot aunat. or 


“Table 5” 

We may now set up “T7able 5” omitting interest as an 
expense, but expecting a correspondingly greater value 


TABLE 5 


Cost Per Vear if 


of 


(iid asset is kept New asset is purchased 
Depreciation 
Operating costs Sun) Sun 
Total annual cost« x Saw Sum) 
1% 1% 
\ 
+ 
\ — X Se 


From our table values for Se (amount of annuity ot | 


may be obtamed 


i) 
4 
Assuming that V ISOM) 
| 
— 1607 Owls 
t) 


1.6% as we found before. 


1470 & 


“1 Se as we tound betore. 


Finally, if ISOO and 


~ 

Similar computations can be made for other values of 
“A (2200, 2000, 1600, 1400, for example), and all plotted 
as Figure J. 

It is now evident that while the earnings of the deprecia- 
tion reserve are important (but not easily controlled), 
“X's a very significant factor and one which is susceptible 
to bargaining. The new equipment salesman may have to 
sell at a list price, but there is probably no fixed limit to 
what he can offer for your old asset. 

In any event, we need only tell him that we expect to 
earn say 5°o on our depreciation reserve, and 10°. on any 
new capital, and that this means that he must give us $2176 
for our old equipment if he wants to do business with us 
If he will not or cannot do so, We must say 
for it is obvious that replacement is not economical either 


for him or for us. 
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% 


8 


A = on in 


Ge/ow this ire selvTimns 
are of fo s77eres? 
| sixce 


— 
Vation reserve 


4 = o7 


hia Return eon Investment for Various Salvage \ 


Depreciation Reserve Larning Rates 


Conclusion 


In conclusion Wwe draw il line fret the 
(oti igure low that we have little 
cern, for if our company is already earning a certam rate 
on its existing uivestment, itis not likely to accept less 
return on any new capital. We dishke dogs whose tails are 


sadder than their eves 


“Farewell,” 


Maintenance Engineer 


Excellent opportunity with leading chemical company in south 
ern New England locality 

\pplicants should have a mechanical and 
neering degree with at least 3 vears plant engineering and 


or mdustrial eng 


maintenance @xpenence background 
Duties of the tion involve 
] Viethods improvement on ¢ jUlpment rr hime 
shop work-and major capital projects 
2. Analveis and administration of departmental proc 
dures 


Estimating planning. work measurement an: jata 
Processing 


4 Functional liaison with the Industnmal Fngineering [be 
partment 


Substantial salary commensurate with ualifications 
Send resume to Department A 


Journal of Industrial Engineering, 
225 North Avenue, N.W., Atlanta, Georgia 


(2%) 
$ 200° 
= 
go> 
61 yom 
400 
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INSTITUTE INTERESTS 


MEMBERSHIP REPORT 


\ recent report received from National Headquarters shows an 
inerease of 275 members of A.L1E. and 41 affilhates during the 
1» rund NI \ 1955 to August 1. 1055. If the same rate continues, 
over a thousand new members will be joing us annually. There 
me ately two hundred membership applications bemg 
proce assed at present This clearly demonstrates the continued ac- 
tivity of the Ch spters inh ren hing the Industrial Lngineers in their 
irea and obtaimimneg their interest m a professional organization 

During the same period only thirty members were dropped from 
the membership files. Som of those removed from the files were a 
result of continued return of mail addressed to them. Members 
changit K vidress should mesure that National Headquarters 

The following membership figures are quoted as of October Lat 


Senior 
menibers 
Total 
\fhliates 


nel Test 


mt tile rship figures 1 later in the fall 


LOUISVILLE CHAPTER 


Derry of the Louwmwville Ch writes to us concern 
ing the activities planned in the Louisville Area during the coming 

The first event arr is Technical Sometres Conference 
livening Dinner Meeting on November 16, 1955. This is to he a 
meeting with all Tee hrical Socretios ‘hapters whe are them 
bers of the Louisville Engineer & Serentist Technical Secrets 
Group, some 25 in all. It is to be a dinner meeting at the Kentucky 
Hotel. The speaker will be Mel Salveson of the General bleetrie 
Company, New York City. Mel formerly lived in Louteville and 
irea. The subject of bos talk will The 
It will tn treated 


has many frends in that 


broadly to cower other fields of engineering on Management's Top 
Polev Team 
The second event m stilbin the planning stages but it i« certam 


fer rae? reat if) 
or Mareh SO. 1956. The conference theme will be “How Inatru 
ments and Eleetronies Are Changing the Field of Industrial 


| ry It i* ter comune thee 
ference withthe newly created Trost nts and | lect ronies Tr 


| lle on Mareh 7. This show will carry national publeity and 


gat mere tients Of the Journal che te 


afr 
serve AT 
which ceased peut leation in June. It that. 


re the same manier as the riv 


wieditron to hapter News reports Trem National Head 


ters. space lumitatrons will allow coverage of ttems of pro 
fomsponmal mterest to all Jourval readers 

\ mdum Concerning relation iti respect 
te thes seetion of the Journal has been m sled toall National ¢ heap 
ters Further copies for mndividual members are available upon 
All news ttemes and suggestions concerning content of thos 
of vour Journal should be to togers 


VW \iianta. Ceeorgia 


he her 


members in other areas interested in its itinerary may contact 
Mr. Richard Rimbach, 845 Ridge Ave., Pittsburgh 12, Pennay! 


vania 
Present planning for the conterence include one afternoon ses- 
sion, an all day seasion, two lunches and a dinner. Tom Potter is 
arranging for the speakers, and it is hoped that some of the Na 
tional Officers will be present. Firm plans will be announced later 


in Institute Interests. 


PENINSULA CHAPTER 


Mr. John D. Van Amringe. Technical Assistant to the Plant 
Manager of the Ford Division, Ford Motor Company, Milpitas, 
Calif. gave an excellent talk at the August meeting on the Produe 
tion control and acheduling problem im this new plant 

The September meeting consisted of a tour of the Sunnyvale 
plant of Libby, MeNeill and Libby. The plant was in full produc 
tion at the tume of our visit 

\ ‘ladies’ night” meeting will be held at the Villa Chartier 
Restaurant in San Mateo, Calif. on Oetober 11, 1965 

The Peninsula Chapter is making good progress in ite work as 
CO Sponsor, ‘along with the San Francisco-Oakland Chapter, of 
the Second Annual Western Regional Conference ALTE) to he 
held in the Spring of 1956. The theme of the Conference will be 
“Industrial Engineered Standards in Business” 

Membership at last count (\uguat 1955) stood at 72 people 

It has come to our attention that the “Handbook of Industral 
by W firant Ireson and bugene L. CGrrant, both of 
Stanford University, is now available. Mr. Ireson @ a member 
of the Peninsula Chapter ALLE 


METROPOLITAN NEW CHAPTER 


The following is, an outline of the activities planned by the 
Metropolitan New York (‘hapte r for the 194) 36 seasen 


freneral Veet: nage 
br Viet oard ldiree 
tor of Production Plan. 


Late Tin 

How a Supplemental Up 
employment Henefit 
Plan Affeet« Production 


Planning 


aml Control, Ford 
Motor Company 
bal Sl igie National Press 


(het. 24 Wage Incentives 
dent. 
Nov \re our Stand Hight Phil Carrell on-ulting 
for Cost Control? bngineer 
Dee. 19 \utomatic Data Process Ds Samuel Alexander, 
ing Bureau of Standards 
Jan. 25 \ New Concept of the Peter Drucker, Author, 
Staff Function Lecturer, Consultant 
Feb. 27 \dapting for \utoemation Auren Uris, Author, 
tor, Research Inetitute 
of Ameriwa 
Mar. Management Controls \rneld Partner 
Mean Action Kooz, Allen A if imulton 
\pr. 2 (iperation= Kesearch Case Wilfred Coordina 
Studies im Ilnventors tor of Plane & Ke 
(Control & arch. Stevens Ineti- 
Scheduling tute of Technology 
May 2 teclamation of a Dying Speaker to be announced 


Vlanagement 


The general meetings wil! be held at the National Cash Kegieter 
Auditorium. © Rockefeller Plaza. New York City, at 745 PM 


57 


Speceal Technig ou 


Coat Control Realmtics 


Automatic Data Processing (to be offered in March 1956 


pee fion J (ips 


‘| Not May Brookhave fi | 


Spring Trip: To be announced 
Ne 


Engineering Leonomics and Cost Control 


Organization and Management Contro! 


The three seminars will be conducted ty the Research & bkdu 
thy il New York hapter thos 


eation of 
season. These seminars are small, informal discussion groups deal 
ing with areas of special interest in Industrial Engineering. Par 
are mvited toe problems or cases [rom ther own 
experience, hich are analyzed and discussed under the guidance 
of chairmen expernenced in the held The three seminars, each 


eting ones hs Te deseritweed tuelow 
of Wendling wall meet on Tuesda' starting 
er Thess croup will be coneerned with finding practical solu 
tet with problems of cost determination, allocation, 
ris wel formulation of pians for ttn 
5 195%) program are planned for the first session 
Phe second semimar on Linear Programming Applications will 


of cose studies provided by participants, seminar 
Tecownize where | ean te 


Praming mm the mathematical aspects of 

7 ane Thursdaves starting Oletober ‘AY 
sponsored 


Ridkin and Robert ( Thos 
pein attention this vear to problems of mat 


Phursdavs, starting Oetoter | 

lf vou are in attending of these discussion groupes 
respective vidresses given below All seminars are 
at AR NICO) offers in the Chrvs 


AM 


headquarters att \ve tical bath 


J 1 Weimdling, V1 

Aasistant Chief bingineer 
The hKorfund In 

Place 

Long laland City 1. N. \ 


BR Lanear Pregranunin lpp 
Mer. Production Analysis Dey 
Rahw Ni “ Jerse 
RAhwav 7-120), bat. 
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( ana Vanauw ment ontre 


A. Rudkin 

Mgr. Organization Planning Dept 
Merck & Co., Inc 

RAhway 7-1200, Ext. 304 


ATLANTA CHAPTER 

Decheated to mecreased and more etherent industrial Tider 
through enginecring the members of the Atlanta Ch apter of thie 
Alii. have selected from among some of the area’s outstanding 
companies their new officers and directors to carry out the of 
ganization'’s program for 

Serving as president is Frank J. Johnson, manager otf Buildings 
Engineering, Lockheed Aireraft Corporation, Marietta, Ga. Win 
field A. Brooks. Professor of Industrial Longiseering at Creorgia 
Tech, is first vice president, and William P. Biggers, Jr., Industrial 
kngineer, Southern Spring Bed Company, is second vice president 

Carrving out the duties of is M. Pitts. and the 
treasurer ia William R. Parks. both Industrial kngineers at Lock 
heed A\ireraft Corp. 

The new directors are James French, President, Sout heasterh: 
Engineering and Mig. Co.; George Morris, President, Creeorg 
W. Morris & Associates: James KB. Roberts, Industrial Laginees 
Ford Motor Company: and Leshe F. Zsuffa, Consulting Lagineet 


anal Lire etor af Relations at Cee ruin Ts eh 


CINCINNATE CHAPTER 


"The (inemmnats ¢ hapter went olf start with their first 
fall meeting on September 2ist, at the bogineering Society head 


(tl irt«T.s 


Mr. Harry M. Hopkins, Viee President of the Tool Steel Gea 
and Pinion Company, spoke on Industry In Turke snd showed 
colored alides of bis trip as a member of the FC A. productivity 

Since thie was the first meeting the following ¢ Nheers and Com 


mittee Chairmen were mtroduced to the members and the visitors 


Norman \. Cromes 
John 1) \I alent 
Secretar’ fichard Duster 
Treasuret Harry Phache 


tichard Forberg 


l’re 


View President 


lhirector 
Director Lawrence Jackson 
Robert J. Topits 
Director Raskin 
William 
John 1). Malom 
John Biddle 

Alan Hlarching 


Placement 
Program 


itn 


Vik mibership J Topats 
onterence Lawrenes Jackson 

\rrangements Raskin 


The Cineinnmati hi aprter extends a stumding mivitation tee ali 
tings bie t hee third W 
it 


Ta sttenad t 
each month at in the kngineering Socret\ 
located at 1340 East MeMillan St. If in town eall Garheid [Nm 
t 


wid we will be glad to provide any addition sl anformation of 


KREACHIIE 

It ia to note that | Keachw of the 
partinent of the Lniversity of Cahtfornia t 
les has accepted Fulteright award and wall be guest uf 
the hie Darmest wit. ‘during thie 
academic While quite a few members of the Inetitute found 


themaeclves returning from Vacations during Septembre 


Mir. Reachie and his family sathed on the Amertea from New \ ork 
on Sept mbher “th for «a vear’s sabbatical 

Mir Keachie serves the Institute as Chairman of the Research 
ommitteer on Terminologs is ber of the buhitortal 
Board of the Journal 


ALLISON ©. NERF 


\n appeal to the Nation's publishers to help stimulate interest 
iti high se at bee matics athe) has made by 
t bee president the National Soerety of Prefs asponal bngineers 

In a letter to thelishers of dasly 
Allison Neff, of Middletown, Ohro, newly imeatalled president 
of the Gb (1E> member engineering group wked the help of the 
press a8 & frst step to stem the tide of students awav from ele 
mentary mathematics ses and ehemuestry 

Mir. Neff, vice president of Armee Drainage & Metal Products, 
wked that the ors consider these facts 

1. shout 25 percent of cout high school students now 

2 Oily about 12 per cent of our high sehool students now 

t 
| There are many small and even some large high schools 
which offer no courses in the physteal scrences 

With \mertes entering the first phase of the so-ealled atone 
We Tithe it thee canny having declining 


percentage of high school students enrolled in such basie courses 


elementary afield sented geometry Nir Neff 


elementary mathematics Venting person entering Is 
“even handicapped, and often all but blocked, mm the pursuit of 
ih engineering 

Neff that the «lastly m Wspuapers wk these ‘ues 
t \re there bigh «ehools on thes community where students 
get the background teeessary for college work In engimeer 
ma’ Doe high school counselors in this community attempt to 
setimtiinte ath interest in training for a career ih Is 
ot high school students enrolled in ol ge bra ane tine 
try deereasing mm this commut 

Nef® «tated that many reeent studies bv educational and 


nrollment im elementary math courses is inereasing despite the 
future ourse Of \Amerean mdustrial ichievement 
stromal wall be large lepenmdent on the engimeeriig skills 
shieh ean be developed from the generatron now high 


VED 
“eptember Ist i bdward Ro Staples was anneuneed, Dr 


Vi Lohmann has been appennted te the af 


the Logimecring staff at & M lor 14 vears and has served as 
‘Il: he one of the voungest men in the nation to head the Enginees 
na Department of one of the major schools 


A native of Lobes on hie BS. in. Mechan 
he of \itnnesota mm and 

bem TD. thee f lowa onlv last veur 
lie was on the «taff of Pennevivania University before coming 


o \ & Moon He had alee been with Aluminum 


ompany of Amerea, as an Industral Lngineer, for a time betore 
\ A \I =! Aff 


\s an Industrial Kngineer, Lohmann helped conduct post war 


conferences on Lodustrial Lngineering in Norway and Sweden in 
1950. He has also served as « special consultant to oil, gas, chem 
ical and business firms in Ckiahoma, Kansas, and Texas. 

He is a Director in the Oklahoma Society of Professional En. 
gineers, a Counce] member in the Amerecan Somety for Lagimeer 
ing Edueation and holds membership in a number of other tech 
nical and professional engineering organizstions 

Lohmann m@ married and has three children 

Congratulations atd best wiehes are extended by all members 


Cklahoma Professional Engineer) 


WASHINGTON UNIVERSITY 


The University College and the Department of Industrial 
Engineering of Washington University with the St. Louis chapters 
of the American Society for Quality Control, the American 
tute of Industrial Lagineers, and the Soeety for the Advance 
Nilanagement nied an mtensive course im Statestreal 
Quality Control during the period September S through Septem 
ber 16, 1905 

The course covered the follow ing leet of stibypects mM interest to 
the Industrial kngineer 

rpretation «of & K ehart 
Relationship between process limits and speciheatrons 

(setting and control of process 

Special tons variables control charts 

(‘onstruetioon and use of chart for fraction defective 

The chart for number defeetive 

(Charts for number of defeets 

Loeonome factors in use of sity contre 

sof accepianee s sniping 

of Romig Talsles 

ot Mil Std 1O5A 

of varnous sampling plans 

Sampling by vanablies and the place of quality eontrol m «a 

The tives of thie were the the atu 
dents for the appheation and adminmetratrven of quality control om 
ther own industry. melded high school gradua 
t bee equivalent 

The staff of tmatruetors 

W KK Murr wim eh ofl the Statistical 
cal at niversit' WE if. prrente «of Pee 
matics it thee oul the ring Sta 
tistics Quality Control” as well as Qumerous articles im teeh 
nieal jourtials 

Jousn \ ite Malia lienry teaches im t Mech smieal 
fered a regular course in (‘ontrol durmma the last ten vears 

Donato J. KRatewss Professor Kaufman m in the 
bngineering Department at Washington University. He wae the 

course chireetor for thm intensive course 

Josnen Movent~. Mr Mowshin Quality Control Director for 
the strom of St. Lowe He was with the 
Vir Poree proeurement offiee He president of the St Lous 
«cf 

Editorial Board of ASQC and editor of Industrial Quality Control 
He teaches in the Mat hematie« Department ot we re never 


NIVERSIDY OF Misstssiprt 


\ ten «dav ehart of sl control at t he 


Toe Jovnsat ov 


an opportunity to study this vital aspect of production under the 
guidance of some of the nation’s foremost experts 

The course, held September 12-24. was planned by Dr. Gayle 
Mebirath, Professor of Industrial Management of the University 
of Minnesota. Instructors included Professor McElrath: Mr. 
Harmon Bayer, Quality Control Consultant, Detroit: and Mr. 
Arthur Bender, President of the American Society of Quality Con 
trol. In addition, industry speakers were invited from the major 
areas to te represented by registrants: wood fibers, metals, tex- 
tiles, chemicals, and electrical appliances 

This short course was designed to offer enrollees an opportunity 
to learn the basic concepts of Statistical Quality Control; analyze 
mand nite rpret in plant data; discuss wiministrative problems with 
representatives from industry; broaden their concept of the use 
of statistical methods: and evaluate new material as it applies 
to their own COMpany Operations 

The course was sponsored by the Mississippi Manufacturers 


Association and the University of Mississippr. 


WESTERN RESERVE UNIVERSITY 


Western Reserve University will be host at a three-day con 
ference on “Practical Utilization of Recorded Knowledge — Present 
and Future.”’ to be held Jan. 16-BS. 1956. on the WRU campus in 
(Cleveland, Ohio 

hinphasis will be on organization and use of printed material 
in such areas as the scpences lnw pratents military and 
ment information, business, industry and education 

(flermng the conference will be Western Reserve's School of 
labrary Sevence and its new Center for Documentation and Com 
tewearch Dr Jesse Shera is dean of the library 


stead director respectively, of the Center 


wre James W. Pers med Allen Kent. The conference will follow the 
Jan. 15 dedi not WERE new ST G00 Library 
More il Abexperts will be on the three-day Pregram, it 


Russell Ackoff, chief of arch (use In 
stitute of Techs Norman Ball, inte rele partments! Committee 
tion: Walter Craft« director of hy etre Meta! 
Hugh bield, view president, Atlan ic Refining 
Herman Henkle, librarian, John Crerar Library: 


nig, View pre sient. Southwest Research Institute : Wi! 


lurgieal Co 
Kiectric ( 


lam No Locke, head of the modern languages department, Massa 
chusetts Institute of Technology James Mack hbrartan Lehigh 
Universit wud Ralph RK. Shaw, professor at the Graduate School 
of Lalas “ervice Rutgers Universit: 

Complete information on the conference is available from the 
ati lubraryvy Serenes We Stern aeryve niversity, 


Cieveiand & 


NIVERSITY OF CALIFORNIA Los ANOCELES 


Beginning September 26. University of California Extension 
will offer Wee kis lecture OFF Natural scnirces 
Sponsored by the } ngiheering Department the lectures will bee 
given on Mondays, from 7-0:30 in Room 2276 of the Chemustrs 
Building on the Lows Ange CAMP 

d towards m MmageMent, eigineers, and cot rs with an 
active or potential interest in resources, the lectures will discuss 
water sir lane and other resources of vital concern to 
Cahfornia and ite future The reclam at of fresh water trom the 
sea, air pollution, patterns of material and energy use, and nuclear 
and solar energy, all will be included as subjects which will appeal 
to nearly all engitieers whether engaged directly with resources 
projects or thet 

Speakers will include Harrison Brown of California Inetitute 
of Technology whe will deliver the September lecture “Nat. 
ural and Human Resources” and ROR. Revelle, of the University’s 
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Institute of Oceanography at La Jolla who will talk on October 3 
about marine resources. 

Ensuing speakers at sessions through January 30, 1956, are 
Martin R. Huberty, A. F. Bush, R. F. Logan, A. F. Pillsbury, Kar! 
C. Hamner, Robert M. Glendinning and Louis B. Slichter, all of 
U C.L.A.; E. D. Howe, Hans Jenny, John A. Zivnuska, Siegfried 
V. Wantrup and A. Starker Leopold, all of Berkeley; Emil Mrak 
and Frederick A. Brooks of Davis; Chaney Starr, North American 
Aviation; W. P. Taylor, Claremont, and J. L. Fisher, Resources 
for the Future. 

Bulletins with complete course and registration information 
are available on request to offices of Lngineering Extension at 
U©.L.A 

To contribute to the development of engineers and managers 
and to prepare them for higher management responsibilities, 
University of California Extension and the College of Engineer- 
ing and School of Business Administration on the Los Angeles 
campus of the University will offer an Engineering and Manage 
ment course from January 23 to February 2, 1956 

Inaugurated at U.C.L.A. last January, the program, first of 
its kind to offer instruction in both the traditional and the new 
areas of industrial engineering and management theory and prac 
tee, brought executives, managers and supervisors, trom hirms 
throughout the United States, Canada and the Hawaiian Islands 
to the Los Angeles campus 

The ten-day, 8 a.m. to 5 p.m. course, will include twenty of 
ferings covering General Management Subjeets, Traditional In 
dustrial Engineering, and New Principles and New Techniques 
such as automation and electronic data processing for business and 
industry according to kdward P. Coleman, coordinator. Earl, 
applications for admission this vear indicate that the number of 
applicants will exceed ae the total nmiimler which will bee ad 
mitted 

beach participant may choose a program tailored to his own 
to his current job performance, prepare him for a 
new assignment, or supplement his training program 
the coordinator out 

Information folders and ation blanks are avatilable on re 
quest to Mr. Coleman at the College of Lngineering t niversity 
of California, Los Angeles 24. California 


SCIENCE CONGRESS IN NECLEAR ENGINERRING 


For those Industrial ngiteers he are wetting im on the ground 
floor of Nuclear Engineering, the Science Congress.in that sub 
ject bemg held in Cleve | ina December 12 It} should cof great 
value. This conference will be coordinated by the Engineers Joint 
for 26 engineering and serentitn groups, A LTE. being 
Mirotig them. It will be the largest ated most important conterenes 
of its kind ever staged in the United States 

(iver two hundred wna rhitiet \ papers will tn titel le 
ing nuclear authorities from sixteen universities, thirteen govern 
ment laboratones, and thirty four industrial COTrporat tates These 
papers will be grouped into 5O sessions running concurrent|y cover 
ing latest developments in nearly every phase of industry. screnes 
and 

Some of the of interest to the Industrial er ure 

Safety and Site Selection for Reactors (6 papers 
Instrumentation for Reactors (6 papers 

Reactor Control and Instrumentation (© papers 

Lconomics in Reactor Design (6 papers 

Legal and Insurance Problems (6 papers 

Requirements for Nuclear Lngineering 6 papers 
Reviews of Literature in Atomic Energy Fields (6 papers 
Dissolution and Chemical Processing (5 papers 

Complete information concerning idvance registration mav be 
obtained by writing: Engineers Joint Coune:l, 20 West 30th Street. 


New York IS, N. 
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ENGINEERING COMPENSATION 

bLogineers and other professional employees im American in- 
dustry now are earning about 4.5 per cent more than they earned 
‘ast Vear, according to a survey of compensation paid to admin 
istrative and technical personne! just completed by the Executive 
(ompensation Service of the American Management Association. 
The majority of the companies surveved reported granting salary 
inereases to individuals in this grenap during the past vear 

The study, the se« ond on thos subject that the 21.000 member 
engineering and professional job categories in 10 industries It is 
part of & continuing series designed fo report salary ranges for 
mpt from Compulsory overtime penalty pay pro- 
visions of the Fair Labor Standards Act) jobs in business and 
medustry. Most of the positions studied are techmeal or highly 
in sture: tvineal are t Pac nese of development chemist. 
projet engineer electmeal or mechanieal), industrial engineer, 
seed Sales engineet 

(‘onsidering the great demand for and short supply of profes- 
Stohal personnel, the range of salaries reported in the survey is 
surprisingiv narrow. the A. 4 report save. The average be- 
engineer receives alhout $4. 900 vear. \ledian pav for in- 
lustrial engineering Positions is appraximat iy $6000 annually; 


lor chemical for ele trical ard mechanicsl en- 


Kifheering. 000. 


The pay level for these 3) administrative and technical posi- 
tions is just about the same as that of production foremen, as indi- 
cated by a recent A.M_A. survey of foreman compensation. Like 
foremen and like ‘‘middle management” personnel (those between 
first line supervision and the policy making level), individuals in 
similar professional and administrative positions tend to receive 
similar salaries regardless of geographic location. In contrast to 
management compensation, which usually is higher in larger com. 
panies, their salaries do not vary significantly among industries 
or with company size, the study indicates. 

Technical and professional employees are leas likely to receive 
bonuses in addition to their salaries than are foremen and middle 
management personnel. Only a fifth of the individuals included in 
the new survey received bonuses this vear, as compared to a fourth 
of the foremen and two fifths of the middle management execu- 
tives 

Like the other reports of the A.M_A.'s Executive Compensation 
Service, the administrative and technical positions surveys are 
designed to help companies evaluate their compensation polices 
in ¢he light of current practice in other firms. These confidential 
studies are available on ‘a subscription basis to business and im 
dustrial executives who have responsibility for administration of 
the compensation involved. 
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COMMITTEES 


Profes<jpon i! hones 
fhe x at bee Wi ate he<ter Ave.. Thornwood, 
‘Organization 


Charrman: Flovd J. Titler, 2516 Milton Rd... University Heights, 


Publeations Coordination 
Charrman: Harold ©. Davidson, Jr.. 7100 Connecticut Ave., 


Chevy © hase Mlarviand 


f hairman: Charles W. Lake. Jr... View President. R. R. Deon 


('oerations Research 7100 Conneeticut Ave... Chevy 


(hase, Nlarviand 


bngineering 


Robert N. Lehrer, A. Freneh Bldg., 225 North 
\ve VW \tlanta, Ceeorgia 


Director Program- 


Ralph ©) Swalm. Industrial bngineering Dept., Syracuse Unie 


Director -Chapter 


Matthew A. Payne, P. ©}. Box 26, Niagara Falls, Ontario, 


Canada 


Director Student Chapters 
Wilson J. Bentley, Associate Professor, School of Industrial 
Engineering & Management, Oklahoma A. & M. College, 

Stillwater, Oklahoma 


Director -Membership 
Joseph ©. P. Hummel, 1522 Red Oak Drive, Silver Spring, 


Maryland 


Director Publie Relations 
Howard P. Emerson. 4237 Holloway Drive. Knuoxville, Ten 


nhessece 


lhirector -International Relations 


Frank M. Grvna, Statixtical Quality Control, Rutgers Uni- 


versity, University College, New Brunewicek, New Jersey 


Director of National Meetings 


Gerald Nadler, Dept. of Industrial bngineering, Washington 
University, St. Loum 5, Missouri 


Director —Research 
Andrew Sehultz, Jr., Dept. of Industrial and bngimeering Ad- 
ministration, Sibley School of Mechanical bagineering, 
(Cornell University, Ithaca. New York 
Commit tees 
Chairman: Dale H. Watt, 528 bast Fifth, Tulea, Oklahoma 
Ternunology 
‘‘hairman: biward C. Keachie, Division of Mechanical 
Logineering, University of California, Berkeley, Cali- 
fornia 


Tue Journnat or 


PN 
— 


Maternal Handling ( ommit tee. 
Chairman: Harold T Amrine, 107 Sunset Lane, West rship (ju 
Lafavette. Indiana (Chairman David fiwerton. P Ridge 
New and Applications Tennessee 
(harrman Stephen 4 Derry, Kentucky Home Life ( onstitution 
Bidg.. Louisville 2, Kentucky Chairman: Flovd J. Titler, 2516 Milton Universi 
Work Measurement Height«. Ohio 
Chairman: John T. Elrod, #22 Arvilla Lane, Houston 21, K-dueation 
Chairman: Wrvilvs Stanton 
tion Control Tonowanda New York 
Chairman: Norman Vo Gomes, 7065 Glen Meadows Lane 


‘ Professional Registration 
meimnati 

f hairn ivi ten tm appomted 
Statistical Quality Control 


National Convention 

St Lawn 24. Miesourn (of hairmes Vernon DD. Foster, 517 Four Mile 
Alexandria, Virginia 

James W Thompson 11% Lisle Awe Fallx Chure? 


Virginia 


Safet 


(‘urneculs 


Chairman: W. Grant lreson, 3760 Wright 
Alto, California 
Resolutions and Awards 
Director Funetronal Committees 


‘na top ippomted 


te te appomted 


if d hitower hte 14 Knoxville Tennes-= The Stand ind Register Davton (thie 


RECENT READABLES 


of companies ire’ reported Feedback ter NIlunage al 


re 


“rt rial 
terns commonls used the do ret hining 
Phe definitions are written in 
V Va vile April 

The sutheor slime t bee re 


on Murphy, Fl 


wnd distributing overhead costs. To quot: 
Automation Detior labor and material costs to the fourth decimal 
path deserthed | in inebriated pread vert shovel Phe an 
digit omputor gus whe cour te ire lireeti 


What! to your monev when 

the gang {operations Research \ sur 2) Acute analysis of 

oat aponge, et overhead expenses as they are 

j couldn't resiat reat geet tliat ove 
products 


Miaximum Value at 


Jul 
\ rm ile Vier bine hy rrits le Vanagen one l’y 14 Jul Ma 
completely controlled by magnetic tape, on whieh entire work by General hleet ri 7 
evcles have been numerically progt ‘| development ard itje \rin 
| hie 


reas? cored titestia if dad cones 
and General bleet rie 


“Information Feedback to Management and Employ. ees in Which the dol ‘ 


Claassen. R. Schroeder, Reid, and T. R. Wolt Program Planning Phase i 


anced Managemen! l’y 11, August parts sed 


\ series oft five papers climes comet Te duction anil xen rat hy 


through imformation feedback \etua! TOULL of the ‘ 
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| 
\ 
| 


618 over to srt her department for 


up and prompt action 


ENGINEERING, ECONOMY 


liow to Butld a Sound (;. J. Matchett, 
\ugust 25. 155 

Dieserites the Do's and Don'ts of cost analveis as a pre- 

tt of the MAPI formula. A chart for 

determining the \dverse Minimum’ os utilized in the case 

The erat the « \ partmental 


Lie used in developing the proper cost data 


thant 


INVENTORY CONTRO 
llow Much to Reorder WK. Hedrick, Factory Manag 


VV snance, Pe. 11) 
= pearatitie fe correct we beeen per ion 
nits satel ver? fules remam fairl, 
at it \luming has this mm ising 
at bie order tennt em. svstem involves three 
Ts | bstimate of actual usage compared with 
sage 2 norma mi matinum delivery times ; 
terest st as! fages required at the 


**Retoolme for Matenals Handling KR. Bright, Ad od Man- 
mpany rewew 
material han 
viliing dewrees are dis- 
along th the n Protie Chart. This chart 
yer rel reveal mdreatrons of the ce- 
(iverh@ad Hat 


ree f t design of 


Sere cor tee 


Vanagemen! & 


problems solved by 
re through omprowed handling dewiees. Monorail 
re rade communication on 
ee. remote controlled tractors 


Helos Keep Shipments on Schedule”, 


W. Buler. Age. Pe. 05. May 2, 1455 


thot stock items tut metemd turns out 
Variet of purts » made to order This sevetem 


fulfils three basie requirements: (1) Details every operation 
to be performed on a piece of material; (2) specihes on a master 
control form the completion dute of each operation, amd (3) 
identifies the exact location of material in process at any given 


time 


QUALITY CONTROL 


“Some Challenging Questions in Quality Control”, FE. G. Olds, 
Industrial Quality Control, Pg. 5, July 1955 
This is the talk given bw the author in accepting the 1954 
Shewhart Medal. Mr. Olds discusses the questions that have 
‘risen im the twenty-four vears he has been concerned with 
quality control, These questions, the author states, fall inte 
four categories Philosophical Technical, 
(Orgamzational 
The Rule of 1QC in Today's Chemical Company’ 
Industrial Quality Control, Pg. 7, July 1955 


This discusses some of the W hy prerenprie hy ve trouble 


S. Renner. 


getting started using statistics, indicates a way to make a be 
ginning and discusses problems of specification and testing 
precision in the chemical industry. A basis for communication 
between the Quality Control Man and the Chemust, " 
common language basis 
Uitrasonie Transmission Tester Speeds, Simplihes Production 
Inspection’, N. W. Shubring, /ron Age, Pg. S87, \aguat 4, 155 
~ the of ultrasonic tester lev bey the 
eral Motors Research Laboratories. The device evaluates t 
test piece hw ite ultrascome onadue fron, cireet re uling 
or rejection of the part This non-destructive metheod re quired 
hours for bolts. in one eritical reat bern whereas th» 


previous rivet took 10 hours 


LING 


liow to Get for J W Towler. The 
& Gas Journal. 19. Julw 11. 1965 

] the aevetem try the mic cn ler 
4 overall maintenance m costa Dy conlrac 
tive manpower for peak workloads. The procedure invelves 
the use of a comlunation of fixed company forces, semi perma 
nent contractor crews and variable contractorecrews Dhe arts 

cle outlines t hve organization, work planning work heduling 


and controls utilzed 


WAGE INCENTIVES 


“Financial Ineentives The Filwwheel of Man mung 
Phil Carroll, Adeanced Vanagement, Pe. 5 lulv 155 
Vir. Carrol) discusses mmecentives whieh he states are the 
foundation of sound management planning Dime standards 
ws the backbone of planning become efleetive oniv w hen finan 
eial meentives are utilized to attamment In 
centives are the tlvwheel effeet of man’s interest since he bias 
finaneral share im m sking pel atom trite 
“Direet and lneentives Phil Carroll Management 
cord June 1955 
The author presents a convincing argument for work stand 
arcs ana incentives Te “uote Vir Carrell 
must Manage Vod to do thes tt needs better cost data Know 
ing material cost i not enough, but without work standards, 
that mall that known about cost. Labor coats based on what 
you actually have paid for are after the fact and can he any 
The author's comment on ineentives can 
up by one statement if work stand arcis are witheut 
centives, wage costa may Le higher by JF] to 35% and work 
ers’ earnings 25% to 35% leas than they might be 
“New Look at Vet hods Incentives” ww Tavlor, Factory Van- 
agement & Maintenance, Pe. ©. Auguet 1955 
The author advocates the use of methods rather than pre- 


duction meentives. Him suggestion m a measured daywork 
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standard with no premium for meeting standard, and a high 
reward suggestion system to get methods improvement which 
workers nominally keep to themselves for fear of rate resetting 
Some interesting charts are presented by the author as proof 


that production incentives won't work as well as ‘methods 


incentives.” 


WOKK MEASLREMENT 


“Management Integration Through Methods & Standards”, T 
Kells 


Using his own company’s experience 


idvanced Vanagement, Pg. 24. \ugust 1955 

the author syndicates 
how methods and standards are a necessity in organization 
ince 


The probable 


planning, cost reduction planning 


tives. standard practices and forms control 


if ctiveness of new manage ich Te 


search, electrome computors, business data amd 


and automat devices are discuss 


New Look At Allowances hactory VWirnag nt & 
Maintenance, 2, Nuguat 155 
The article the factors considered tiv a Hritish 
manufacturer in deteraiming proper job allowances. Their 
allowanee formula mneludes elemental allowances for | Per 
tatignue poh vaical exertion 3) fatigue work 


ing conditions } unaveondable delavs. and 5 load factor 


which reduces the preceding allowances on jobs involving 
waiting time dunng machine paced operations 

“Standardized Maintenance Pays”, F. O 

Processing, Ve July 1955 


The result of Atlantic Refining’s attempt at controlling and 


Pierson 


maintenance costs through lalvor tal 


planning & se heduling Outlines the function of the 
in devising weekly work échedules. Large turnarounds are 
planned and scheduled a vear in advance. Through the use of 
this evetem. Atlantic Refining has been able to achieve reduc- 


from Jt total man davs ot work during turn- 


around 


BOOKS 


ipplied } Croxton A 1) J (‘owden 
keadition. New York 


This 1s the most widely used book on all phases of statistics 


Prentice 


avaiinble today The statistic sl concepts are covered as 
“Well as Statistica ind techniques ible to 
fieicis ANALYSIS index numbers. tests of 
maiver of variances wed correlation are 


hasing™’, J. Westing, J. Fine, 
New York John Wilk v A Sons Ine 


of the MAI 
$7 


1955, 421 pp, 


suthors ive dr the eA\pernence of many of 
purchasing activity to produce an excellent reference on the 
practices and organization of the pur 


mechanics theors 


chasing function. Relat dactivities such as trathe, speculation, 
covered 

(,rant & Paul Norton. Jr levised 
The Ronald Press 1955. GH pp Ss; 


Hy liberalizing the «be preciation methods allowable for tax 


and make-or buy are 
** preciation”’ 
Printing, New York 
Pur poses the |S. Rewenue Act of 1954 brought major changes 
mn depreciation treatment for all purposes The authors have 
explored not only the tax changes but alse the financial and 


accounting implications and effects of the new law and | 
regulations 
“The Computer Directory 
Automation published by Berkeley Enterprizes, 36 West Lith st 
New York 11, N. ¥., 164 pgs.. $4.00 
Contents: Part 1: Who's Who in the ¢ ‘omputer Field 
7500 entries. Part 2: Roster of Organizations in the Compute 
about 300 entries. Part 3. The Computer Field: Prod 


1955"". The June Issue of Computers & 


about 


Field 


Tue 


“Management of Expanding Industries”, W 
Logan, New York, Columina University Press, 1955, 125 pp 


ucts & Services for Sale—about 600 entries clasethed under 
62 headings 
H. Newman and J. I’ 
$2.75 
The volume ts a report of a round table discussion by prom 
nent executives on the problem of managing and controling 
an organization as it grows from small to medium to large I 
contains many useful Comments an successful and 


ful met hocks 


“Wage & Salary Adminiatration’’, Belcher, New York 
Prentice Hall. 1955 490 pp, 
administration of labor and salary costs is tlhe 
which’ the author Wage and salary pa’ 
ments J evaluation, Wage levels methods, fringes 
“age determination at d the overall eontrol «of 
“ages are covered 
Work Si froatran by Ben S. am. The Standard KRegiste: 


Davto 


The 


4.5 pages tree 


is compilat ron ofa series of afticios «of 


This pulblicaty 


Paperwor Simp by Ben (jraham. It presents the 


Work Simplification and carries t 
through te thew a} plication 
Nir. 


Paperwor Minit 


nods well known for his outstanding cont ritution 
ifieation. This is a subject of interest 
Comes of the publication can t 
obtained without charge from Mr. Ben S. Graham, Director 
of Methods K neh, Standard Register Co Day ton 1, Ohie 
by J.D. Williams, MeGraw-Hill Book Co 
pages 
» Rand Series, published by Metjraw Hh! 


all Industry | ng cores 


(‘om pleat Strat 
New York, I 
This 

exwentation of the Theory of Games, and it is 
The 
interesting 

or’s objective fo present some of the 


It is « lavman’s 


mighty fascinat og presentation is excellent ver 


atr sight forward « actually a marvel of irr 


The au 


ntals of 


ne Theor without t hee comple 


mathematical intmeacies and to imterest the reader im thy 
possibilities of this analytical tool as a problem solver in his 
own work. I would strongly recommend this book to « ach an 
After vou have read it them v 


every Industrnal bogineer 


can progress to the more mathematical and theoretical trea! 


‘by J. 


1952, 371 pages 


ments such “TInt mluction to Game Theor y" 
Metiraw-Hlill Book Co., Ine New York 
This is much more involved treatment ‘of the 
Theor 


advanced Industrial bLngineer 


(sare has promise Teme, t 


nxt Industrial nagines reg rer ad 
uate degree in Industrial Engineering or 11 
in Mechanical Engineering plus four years Indus 
trial Engineering experience. Salary $4,000 tor 2» 
week vear. Summer research work opportunities 


pst ate Ne A 


(j;raduate study privileges. Location 


York, 


NTED 


STRI A! 


txxt, Professor of Industrial Engineering 
lors ind \Lasters degrees in Industrial ritug 
plus four vears Industrial Engineering experienc 
Base aeniary $5100) for nine months, New Innuiding- 
and laboratories. batensive rese irch program 
opportunity for 12-month employment. Location 
Upstate New York. Write: Journal of Industria 
-ngineering, A. French Bldg.. 225 North Av 
NW... Atlanta, Cra. 


NGINEERING N orember-Decembher, 


Positions 
in Management Sciences 
AND 
Industrial Operations Research 


The Ramo-Wooldridge Corporation is actively engaged in 
the appleation oa seentific methods to the solution of 
business problems. It is at present interested in offering re- 
sponsible positions to graduate industrial engineers with a 
strong background in mathematics and statisties. Experi- 
enee in production and Inventory control or in the applica- 
tron of electron COMpUulers is desirable but not . 
The chief concern is to find candidates of high caliber with 
field of management 
science. Positions are open both in Los Angeles and Cleve- 


potential for the new 


land 
* 
THE RAMO-WOOLDRIDGE CORPORATION 


8820 BELLANCA AVENUE 
LOS ANGELES 45, CALIFORNIA 


Proceedings 
NATIONAL CONFERENCES 
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CONFERENCE 


“INTHE ANSCAL 


VAY 12 15 ST. LOUIS, MO 


PIP TIE ANNEAL ATE CONFERENCE 


VAY 596 LOPISVILLE, KY 


LON 


* 


(irder trom 


THE AMERICAN INSTITUTE OF 
INDUSTRIAL ENGINEERS, INC. 


16) Nerth High Street Columbus 15, 


source -hbook of 


IDEAS that mean savings 
design and selection of 

equipment in process 
operation and development 


To help you determine if a process is economically 
feasible, this book shows you how to make practical 
use of cost data. 


Baséd on sound economic principles— but without in 


volving vou in a purely theoretical presentation of econ- 
omy-—it gives you the basie economic and elementary 


accounting techniques as applied in the process industries. 


Gives direct Just Published! 
PROCESS 

the fields of: ENGINEERING 
ECONOMICS 
a By Herbert E. Schweyer 
pharmaceuticals Professor of Chemical Engineering 
mineral dressing 

and metal refining , University of Florida 

food and chemur- 

IN CHEMICAL ENGINEERING 
process es, 6 9, 56 illustrations 


This book discusses such practical subjects as capital 
requirements for process plants, economics of selecting 
alternates, rate of return and payout time, and economic 
balance. 

Completely worked-out applications of these tech- 
niques in the form of practical problems show you how th 
handle the particular problems you are likely to eneoun- 
ter im professional practice 

In emphasizing the practical aspects of the subject, 
the book includes such features as materials and examples 
from current literature, complete differential treatment of 
breakeven pomts and earning rates, information on eco- 
nomic balance for chemical reaction, and many others. 


CONTENTS 


uc thon Economic Balance 

Value of Money-equivalence Economic Balance in Cyciic Op- 
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